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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Improving the genetics of feed efficiency in pigs has been of great interest because of 
its economic importance to the swine industry. Until several years ago, pigs from genetic 
nucleus herds were evaluated for feed intake in central test stations by penning them 
individually, whereas pigs in commercial herds are housed in groups. Individually housed 
pigs eat more, grow faster, and are fatter than pigs housed in groups (De Haer and De Vries, 
1993; De Haer and Merks, 1992). This potential genotype x housing system interaction could 
contribute to the genotype x environment interaction that has been found between nucleus 
and commercial herds (Merks, 1989). To avoid this, electronic feeders were developed to 
measure individual feed intake on group-housed pigs. These are now used in genetic nucleus 
and research herds to improve or study traits related to feed intake. Although there are many 
benefits to using these feeders, several issues must be addressed in order to optimize the use 
of electronic feeders. 
Data from electronic feeders have been found to contain substantial amounts of errors 
(De Haer et al., 1992; Eissen et al., 1998; McDonald and Nienaber, 1994) resulting from 
feeder malfunctions and animal-feeder interactions. Because every visit to the feeder is 
recorded, data sets from electronic feeders are large, which means finding and correcting 
errors can be time consuming. To obtain an accurate measure of feed intake, editing methods 
are required that efficiently identify, edit, and correct errors in data from electronic feeders. 
Only two comprehensive editing methods were found (Brisbane, 2002; Eissen, 2000). Other 
methods of editing could be used, but the ability of the different editing methods to improve 
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the accuracy of estimating feed intake is not clear. Further evaluation is needed to maximize 
the accuracy of estimating feed intake. 
Electronic feeders are single-space feeders that offer protection from competition, but 
feeders used in commercial herds have multiple spaces and offer no protection from 
competition. There are also design differences that could lead to differences in feed wastage. 
The combined differences could lead to a genotype x feeder type interaction that could 
reduce the amount of genetic progress in genetic nucleus herds that is realized at the 
commercial level. Only one study was found that compared the combined effects of feeder 
space, protection, and feeder design (Hyun et al., 1998), but no performance differences were 
reported. This study used a two-space conventional feeder whereas most feeders used in 
commercial herds have four or more spaces. Further evaluation is needed to determine if 
performance differences exist that may cause a genotype x feeder type interaction. 
Electronic feeders are costly, which usually limits the number of pigs that can be 
evaluated. Strategies for collecting feed intake data could be used to maximize the number of 
pigs tested per feeder. Several strategies of collecting feed intake data have been utilized 
(Grignola et al., 2002; Roehe et al., 1994; Schulze et al., 2001; Von Felde et al., 1996), but 
data accuracy was negatively impacted (Brisbane, 2002; Eissen et al., 1999). Only a few 
strategies were evaluated in these studies and there are other factors, such as acclimation 
(Schulze et al., 2001), missing information due to data errors (Eissen et al., 1999; Eissen et 
al., 1998), and an increase in the variance of daily feed intake (F. Grignola, Monsanto 
Company, unpublished data), that could negatively impact accuracy. These factors must be 
further evaluated so that the number of pigs tested per electronic feeder can be maximized 
while minimizing the impact on accuracy. 
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The objectives of this dissertation were: 
1. To develop a comprehensive editing method for data from electronic swine 
feeders and to compare the ability of six editing methods to accurately 
estimate feed intake. 
2. To compare performance of Yorkshire boars and gilts fed using electronic 
versus five-space conventional feeders and to test for presence of a genotype 
x feeder type interaction. 
3. To evaluate the impact of alternative strategies for collecting feed intake data 
using electronic feeders, acclimation periods, additional missing information, 
and an increase in the SD of daily feed intake on the accuracy of feed intake 
data from electronic feeders. 
Dissertation Organization 
Based on the work to achieve the objectives of this dissertation, five journal papers 
were written and are included as chapters in the dissertation. The need and background for 
this research are included in Chapter 1. Development and use of criteria to identify and better 
understand errors in data from electronic swine feeders is described in Chapter 2. A method 
of editing data from electronic feeders is developed in Chapter 3 and compared with other 
methods in Chapter 4. Performance of pigs on electronic and conventional feeders is 
evaluated in Chapter 5. The impact of strategies for collecting feed intake data on data 
accuracy is evaluated in Chapter 6. General conclusions and discussion of the research done 
are summarized in Chapter 7. In the remainder of this chapter is a brief review of literature 
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relevant to the research reported in this dissertation. Specific relevant literature is presented 
in the individual chapters. 
Literature Review 
Electronic swine feeders 
Over the past decade, several electronic swine feeders have been developed that are 
sold commercially or used for internal research purposes. Three feeders are available 
commercially: FIRE (Feed Intake Recording Equipment, Osborne Industries Inc., Osborne, 
Kansas), I YOG (Insentec, Marknesse, the Netherlands), and ACEMA48 (ACEMO, Pontivy, 
France). The FIRE feeder is predominately used in North America and was first described by 
Young and Lawrence (1994). The I YOG and ACEMA48 feeders are predominately used in 
Europe and were first described by De Haer et al. (1992) and Labroue et al. (1994). Another 
electronic feeder was developed by Bunge Meat Industries (Corowa, NSW, Australia) 
(McSweeny et al., 2001), but is not sold commercially. Three other electronic feeders were 
developed for research purposes (Hachet, 1974; Nienaber et al., 1990; Slader and Gregory, 
1988). 
The basic design of electronic feeders that have been developed is similar. Feeders 
contain a feed trough that is weighed by a load cell. The pig has an ear tag that contains an 
electronic transponder, which is recognized by the antennae of the feeder. Most feeders 
protect the pig while eating (Nielsen et al., 1995b), but the amount of protection varies 
depending on the feeder. The I YOG feeder has a shoulder-length race that offers little 
protection, which is similar to commercial conditions. Most FIRE feeders have a full-length 
race that protects the pig on all sides except the rear. The ACEMA48 feeder also has a full-
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length race, but pneumatic doors protect the rear of the pig. Feeders usually record the 
entrance and exit weight of the feed trough, entrance and exit time, transponder number, and 
pen number. These data can then be used to calculate many traits: feed intake per visit or day, 
time per visit or day, feeding rate per visit or day, number of visits per day, feed efficiency 
(only if body weight is measured), etc. These traits are useful for research and genetic 
improvement. 
Electronic swine feeders have been used for genetic selection and research. These 
feeders have been used to study the genetics of feed intake and efficiency (Hall et al., 1999; 
Labroue et al., 1997; Roehe et al., 1994; Von Felde et al., 1996), to study feeding behavior 
(De Haer and De Vries, 1993; Hyun et al., 1997; Young and Lawrence, 1994), and to 
evaluate treatment effects (De Haer and Merks, 1992; Hermesch et al., 1999a, b; Nielsen et 
al., 1995a). Electronic feeders are also used by many swine breeding companies to improve 
the genetics of feed intake. 
Although there are many benefits of using electronic feeders, there are several issues 
that must be considered when using the feeders. 
Errors in data from electronic feeders 
Data from electronic feeders have been found to contain substantial amounts of errors 
(De Haer et al., 1992; Eissen et al., 1998; McDonald and Nienaber, 1994) resulting from 
feeder malfunctions and animal-feeder interactions. These errors must be identified, edited, 
and corrected (editing method) to get an accurate estimate of feed intake traits, but most 
papers that report results from electronic feeders do not report how errors were handled. 
Errors in feed intake data have been identified. Most studies identified errors in visits 
using thresholds for three variables: feed intake per visit (De Haer et al., 1992; Eissen et al., 
1998; Nienaber et al., 1990), feeding rate per visit (Eissen et al., 1998; McDonald and 
Nienaber, 1994; McDonald et al., 1991), and the difference between trough weights in 
adjacent visits (Eissen et al., 1998). Errors were also identified in daily feed intake records 
(Brisbane, 2002; Schulze et al., 2002). Eissen et al. (1998) developed the most 
comprehensive list of criteria to identify errors, but these were developed for data from 
IVOG electronic feeders. In concept these criteria can be used to identify errors in data from 
FIRE and other electronic feeders, but criteria must be adapted to accommodate feeder 
differences. Current software provided with FIRE feeders uses four criteria by default to 
filter errors. More comprehensive criteria are needed. 
It has been shown that errors occur in data from electronic feeders, but rarely have the 
frequencies been reported. Eissen et al. (1998) reported that 5.7% of visits contained errors. 
This percentage seems to be low, but the number of visits with errors is large because data 
sets from these feeders are large. The percentage of daily feed intake records that contained 
at least one visit with an error ranged from 29 to 35% (Eissen et al., 1999; Eissen et al., 
1998). These numbers are important because feed intake is often expressed per pig per day 
and indicate that substantial amounts of errors exist. 
Errors are mostly caused by malfunctions that are inherent to the feeders because of 
the environment that they operate in, which is moist, dusty, and contains corrosive gases. 
Also, the playful and aggressive nature of pigs can cause equipment malfunctions. De Haer et 
al. (1992) and Eissen et al. (1998) discussed some of the malfunctions that cause errors in 
feed intake data, such as inaccurate recording of feeder weight or time. Incorrect recording of 
weight could be caused by accumulation of feed under the trough, the software that controls 
the feeder, or by sub-optimal tuning of the identification system. There are other factors such 
as sex, weather, pigs, or feeders that could affect the amount of errors, but these have not 
been investigated. If errors were better understood and their causes known, the number of 
errors could be minimized, which would improve the accuracy of feed intake measurement. 
Once errors have been detected, they must be edited out and corrected. Only one 
method was found (Brisbane, 2002; Eissen et al., 1999). In this method daily feed intake 
records that contained errors were replaced with a missing value and daily feed intake was 
regressed on test day for each pig. Estimates from the curve were then used to replace 
missing records. Eissen et al. (1999) showed that up to 70% of daily feed intake records 
could be missing without a dramatic decrease in the accuracy of estimates of average daily 
feed intake over the test period. Other methods of editing could be used, but the ability of the 
different editing methods to improve the accuracy of estimating feed intake is not clear. 
Further evaluation of editing methods is needed to maximize the accuracy of estimating feed 
intake. 
Effect of electronic feeders on performance 
Electronic feeders are different than feeders used in commercial farms in three ways: 
number of feeder spaces, amount of protection, and design differences that could result in 
differences in feed wastage. The effects of these differences have been investigated. 
Previous studies that compared single- versus multi-space feeders found that growth 
rate, feed intake, feed efficiency, and backfat thickness were not different (Kay et al., 1989; 
Morrow and Walker, 1994a; Spoolder et al., 1999; Walker, 1990). Morrow and Walker 
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(1994b) and Nielsen et al. (1995b) found that increased protection from competition while 
eating had no effect on growth rate, feed intake, feed efficiency, and backfat thickness. Hyun 
and Ellis (2001) compared electronic versus single-space conventional feeders and found no 
differences in growth rate but a decrease in feed intake and an improvement in feed 
efficiency from pigs on electronic feeders. They hypothesized that differences in feed intake 
were caused by greater feed wastage with conventional feeders or by underestimation of 
intake by electronic feeders. Only one study was found that compared the combined effects 
of feeder space, protection, and feeder design (electronic versus conventional feeder) (Hyun 
et al., 1998). No differences were reported for growth rate, feed intake, or feed efficiency. 
Their study used a two-space conventional feeder whereas most feeders in commercial herds 
have four or more spaces. Further evaluation is needed to determine if performance 
differences exist that may cause a genotype x feeder type interaction. 
Maximizing the use of electronic feeders 
Electronic feeders are costly, which usually limits the number of pigs that can be 
evaluated. Several studies have investigated strategies for collecting feed intake data that 
allow more pigs to be tested per feeder per unit of time. The use of an electronic feeder has 
been alternated between two pens of pigs during a test period once a week (Roehe et al. 
1994; Schulze et al. 2001,2002; Von Felde et al. 1996) and once every two weeks (Grignola 
et al. 2002). These strategies result in multiple periods with records throughout the test 
period. Brisbane (2002) proposed a strategy that would result in one period of about two 
weeks with records and all pigs would be tested in that period. Feed intake in that period 
would then be used to estimate feed intake over the entire growing period. All these 
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strategies increase the number of pigs tested per feeder, but would result in less data per pig 
with which to estimate feed intake. 
Several methods of estimating feed intake when days with missing data are present 
have been used. One method is to model the trajectory of feed intake over time and use 
model estimates to replace missing daily feed intake records. Ordinary polynomials (Eissen 
et al., 1999; Grignola et al., 2002; Kanis and Koops, 1990; Schulze et al., 2002), non-linear 
models (Eissen et al., 1999; Kanis and Koops, 1990), and random regression models 
(Andersen and Pedersen, 1996; Schnyder et al., 2001) have been used to model the trajectory 
of feed intake over time. The polynomials and a non-linear model have been used to replace 
missing daily feed intake records (Eissen et al., 1999; Grignola et al., 2002). More accurate 
results were obtained when lower order polynomials were used (Eissen et al., 1999; Grignola 
et al., 2002). Random regression models have not been used to replace missing daily feed 
intake records, but would be beneficial because information from all pigs is used to get 
estimates for each pig, whereas the polynomial and non-linear models only use information 
from the animal itself to obtain estimates of missing days for that animal. 
Other methods have been used for estimating feed intake when days with missing 
data are present. Brisbane (2002) estimated feed intake in the entire test period from feed 
intake measured in a small increment of the test period based on the estimated relationship 
between the two. Kanis (1990) estimated cumulative feed intake in periods with missing data 
by regressing on that cumulative feed intake, number of days in the known period, age and 
weight at on-test, and weight gain in the known and unknown period. This method requires 
that body weight be measured when pigs change feeder types. Schulze et al. (2001) did not 
attempt to replace missing information, but used average daily feed intake from the known 
data as an estimate of average daily feed intake over the entire test period. This estimate 
could be biased depending on whether the pigs started on the electronic feeder or the 
conventional feeder (Grignola et al., 2002). 
Accuracy of estimating feed intake over the entire test period was shown to be 
negatively affected when strategies of collecting feed intake data were used because of the 
missing information and the method of replacing that missing information (Brisbane, 2002; 
Eissen et al., 1999). There are other factors that could negatively affect accuracy when these 
strategies are used. Schulze et al. (2001) showed that pigs take 2 to 3 days to acclimate every 
time they start back on the electronic feeder. Grignola et al. (2002) assumed three days of 
acclimation in their study and also evaluated five days but found that the improvement in the 
fit of a model was minimal. Further analysis of these data showed that it could take up to five 
days for pigs to acclimate back to the feeder (A.C. Clutter, Monsanto Company, unpublished 
data). The amount of missing information will increase if acclimation is accounted for by 
removing data from the first days when pigs return to the electronic feeder. If acclimation is 
not accounted for, then feed intake will be underestimated because pigs eat less during the 
acclimation period (Schulze et al., 2001). Errors in data from electronic feeders (De Haer et 
al., 1992; Eissen et al., 1998), would result in additional missing information if daily feed 
intake records with errors are replaced with a missing value (Eissen et al., 1999). In addition, 
the variance of daily feed intake may be greater when pigs are switched on and off electronic 
feeders (F. Grignola, Monsanto Company, unpublished data). All of these factors will impact 
accuracy and must be further evaluated so that the number of pigs tested per electronic feeder 
can be maximized while minimizing the impact on accuracy. 
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CHAPTER 2. IDENTIFYING ERRORS AND FACTORS ASSOCIATED WITH 
ERRORS IN DATA FROM ELECTRONIC SWINE FEEDERS1 
A paper to be submitted to the Journal of Animal Science 
D. S. Casey2, H. S. Stern3, and J. C. M. Dekkers4 
Abstract 
Electronic swine feeders are used to automatically measure individual feed intake on 
group-housed pigs, but data from these feeders contain errors resulting from feeder 
malfunctions and animal-feeder interactions. The objectives of this study were to develop 
criteria to identify errors in data from an electronic feeder that is predominant in the United 
States, to evaluate the frequency of errors in data from three consecutive experiments on the 
same feeders, and to identify factors associated with errors. Data contained 1,878,321 feed 
intake records (visits) from 1,721 pigs in five replicates and 124 pens. Sixteen criteria were 
developed to detect errors in seven variables related to entry and exit feed trough weights and 
times. Logistic regression was used to identify factors associated with presence or absence of 
each error type in identified visits (visits where the feeder recognized a transponder) from 
data set 1 using a model that included the fixed effects of replicate (2), sex (2), the linear and 
quadratic effects of day on test, and the random effects of feeder within replicate, pig within 
1 We would like to thank National Pork Board for providing the data used in this study and 
Dr. Korthals from Osborne Industries, Inc. for his useful comments. This study was 
supported by Hatch Act and State of Iowa funds of the Iowa Agriculture and Home 
Economics Experiment Station, Ames, LA, USA (Project No. 3456). 
2 Current address: PIC, 3033 Nashville Rd., Franklin, Kentucky 42134 
3 Current address: 4900 Berkeley Place, University of California, Irvine, Irvine, CA 92697 
4 Correspondence: 225C Kildee Hall (phone: 515-294-7509; fax: 515-294-9150; E-mail: 
jdekkers@iastate.edu) 
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feeder within replicate, test day within replicate, and week within feeder within replicate. 
Frequencies of error types in identified visits varied considerably within and between 
experiments. Errors relating to feed trough weight were more frequent than errors relating to 
time. Percentage of identified visits and of daily feed intake records with at least one error 
ranged from 4.3 to 18.7% and from 17.2 to 50.0%, respectively, for the three experiments. 
The percentage of errors decreased from the first to the last experiment, reflecting the 
increasing ability of the managers to operate the feeders properly. Replicate, sex of the pig, 
test day, feeder within replicate, pig within feeder within replicate, and day within replicate 
affected the number of errors that occurred. Week to week variation within a feeder and 
replicate had the largest effect on number of errors and is affected by feeder management. 
The frequency of errors in data from electronic swine feeders is substantial but visits with 
errors can be identified and can be reduced by proper feeder management. 
Introduction 
Improving the utilization of feed by the pig would result in economic benefit for pork 
producers. Measuring feed intake on individual pigs would be beneficial for making this 
improvement. Electronic swine feeders (Slader and Gregory, 1988; De Haer et al., 1992) are 
used to automatically measure individual feed intake on group-housed growing pigs. These 
feeders are mostly used in genetic nucleus herds and in research farms. 
Data from electronic feeders have been found to contain errors (De Haer et al., 1992; 
Eissen et al., 1998). Errors are mostly caused by malfunctions that are inherent to the feeders 
because of the environment that they operate in, which is moist, dusty, and contains corrosive 
gases. Also, the playful and aggressive nature of pigs could cause equipment malfunctions. 
Although many things can be and are done to minimize these malfunctions, they do occur 
and cause errors in data from electronic feeders. 
Eissen et al. (1998) developed nine criteria to identify errors in data from IVOG 
(Insentec, Marknesse, the Netherlands) electronic feeders. In concept these criteria can be 
used to identify errors in data from FIRE (Osborne Industries Inc., Osborne, Kansas) 
electronic feeders, but criteria must be adapted to accommodate feeder differences. Current 
software provided with FIRE feeders uses four criteria by default to filter errors. More 
comprehensive criteria are needed. 
Eissen et al. (1998) proposed that identification of errors could be used to diagnose 
feeder malfunctions. To accomplish this, an analysis of factors that are associated with errors 
is needed to better understand errors and what causes them. The objectives of this study were 
to: 1) develop more comprehensive criteria to identify errors in data from FIRE electronic 
feeders, 2) measure the frequency of errors, 3) measure the variability in the frequency of 
errors from different experiments that use the same feeders, and 4) identify factors associated 
with the occurrence of errors. 
Materials and Methods 
Development of criteria to identify errors 
Data used to develop criteria to identify errors in data from electronic feeders were 
provided by the National Pork Board and came from the Maternal Line Evaluation Program 
(MLEP) experiment (Goodwin and Boyd, 2000). These data (Table 2.1) were from 591 
crossbred pigs that represented six breeds (one sire line by six maternal lines), two sexes 
(barrows and gilts), and two replicates (replicates 2 and 3). Data from replicate 1 were 
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Table 2.1. Summary statistics of data* from three experiments'3 done by National Pork Board 
at the Minnesota Pork Producers Association test station using the same electronic (FIRE) 
feeders 
Summary statistic QLGMP MLEP GLEP 
No. pigs 893 591 237 
No. replicates 2 2 1 
No. breeds 6 6 2 
No. sexes 2 2 2 
No. diets 4 1 1 
No. pens 59 43 22 
Mean no. pigs per pen 15.1 13.7 10.8 
Mean on-test body weight, kg 53.5 50.9 33.7 
Mean off-test body weight, kg 131.3 114.3 122.3 
No. identified^ visits 863,590 290,073 162,638 
No. unidentified visits 57,252 170,837 333,931 
No. daily feed intake records 86,219 44,981 22,046 
aData were those after data from pens with excessive feed disappearance (> 90 kg over the 
test period) from unidentified visits (visits where a transponder was not detected by the 
feeder) were discarded. 
bQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
Identified visits are those where a transponder was detected by the feeder. 
unavailable. Growth and feed intake were measured on each pig, starting and ending at 
average weights of 50.9 and 114.3 kg, respectively. 
Feed intake data were collected using FIRE (Feed Intake Recording Equipment, 
Osborne Industries Inc., Osborne, Kansas) electronic feeders. Each pen was equipped with 
one feeder that allowed pigs access to feed 24 h per day, but only one pig could eat at a time 
because of a protective crate. This crate was located at the entrance of the feeder and 
protected the pig on all sides except the rear. Each pen contained an average of 13.7 pigs 
(Table 2.1) and individual pigs were recognized by the feeder through an electronic 
transponder that was located in an ear tag on the pig. Each feeder contained a feed trough that 
was suspended and continually weighed by a load cell. When a pig entered the feeder, weight 
of the feed trough, pig transponder number, time, and feeder number were recorded (Table 
2.2). Weight of the feed trough and time were also recorded when a pig exited the feeder. 
Data were recorded and stored electronically at the feeder until they were downloaded to a 
computer using software provided with the feeders. The software used four criteria by default 
to filter errors from the raw data to create summary reports. The raw, unfiltered data were 
used in this study. 
Records in the raw data included identified and unidentified visits. Unidentified visits 
occurred when the weight of the feed trough changed but no transponder was recognized. 
Unidentified visits can be caused by rodent activity, strong air currents, a faulty or lost 
transponder, a faulty antenna, or sub-optimal tuning of the identification system. The latter 
two would cause visits from many or all pigs in a pen to be unidentified. A faulty or lost 
transponder would affect only one pig. To minimize the latter problem, De Haer et al. (1992) 
appropriated unidentified visits to pigs with missing transponders. It is also possible to assign 
unidentified visits to pigs in the software provided with the FIRE feeder. This is, however, 
time consuming and could result in errors. To avoid this in the present study, data from three 
pens with excessive feed disappearance from unidentified visits (> 90 kg over the test period) 
were discarded. Feed disappearance over the test period was obtained by summing recorded 
intake of unidentified visits. Visits for which recorded intake was less than -20 g or greater 
than 2,000 g were, however, assumed invalid and were excluded from the summation. 
Justification for this assumption will be given in the Results section. 
Sixteen criteria were developed to identify errors in individual visits (Table 2.3). 
Development started by identifying seven variables in which errors could occur: feed intake 
per visit (FIV), occupation time per visit (OTV), feeding rate per visit (FRV), feed trough 
weight differences between subsequent visits in time, and time differences between 
Table 2.2. An example of feed intake data® collected by an electronic (FIRE) feeder and variables'3 calculated from the data 
Pig 
transponder 
number 
Entrance 
time, sc 
Exit 
Time, sc 
Entrance 
weightd, g 
Exit 
weight, g 
FIV, 
g 
OTV, 
s 
FRVe, 
g/min 
LWD, 
g 
FWD, 
g 
LTD, 
s 
FTD, 
s 
2,736 1,020,756,041 1,020,756,570 7,044 6,856 188 529 21.3 0 35 -
1,340 1,020,756,605 1,020,757,250 6,856 6,657 199 645 18.5 409 0 38 35 
598 1,020,757,288 1,020,758,153 7,066 6,763 303 865 21.0 - 409 - 38 
"Sorted by entrance time in ascending order. 
bFIV = feed intake per visit (entrance weight - exit weight), OTV = occupation time per visit (exit time - entrance time), FRV 
= feeding rate per visit (FIV/(C)TV/60)), LWD = leading weight difference (entrance weight of following visit - exit weight of 
present visit), FWD = following weight difference (entrance weight of present visit - exit weight of preceding visit), LTD = 
leading time difference (entrance time of following visit - exit time of present visit), and FTD = following time difference 
(entrance time of present visit - exit time of preceding visit). 
^Seconds from 1/1/1970. 
dWeight of the feed trough. 
eFRV was not calculated for OTV < 0 s. 
Table 2.3. Criteria used to identify errors in feed intake data from electronic (FIRE) feeders 
Error type Variable Visits involved 
Criteria used for 
classifying a visit as an 
error 
1 (FIV-lo) 
2 (FIV-hi) 
3 (FIV-0 s) 
4 (OTV-lo) 
5 (OTV-hi) 
6 (FRV-hi-FIV-lo) 
7 (FRV-hi-strict) 
8 (FRV-hi) 
9 (FRV-0 g/min) 
10 (FRV-lo) 
11 (LWD-lo) 
12 (LWD-hi) 
13 (FWD-lo) 
14 (FWD-hi) 
15 (LTD-lo) 
16 (FTD-lo) 
Feed intake per visit (FIV) 
Occupation time per visit (OTV) 
Feeding rate per visit (FRV)® 
Leading weight difference (LWD) 
Following weight difference (FWD)' 
Leading time difference (LTD)d 
Following time difference (FTD)e 
All 
All 
Occupation time per visit = 0 s 
All 
All 
0 < FIV < 50 g 
FIV > 50 g, preceding or following a visit with 
FIV < -20 g 
FIV > 50 g, not preceding or following a visit 
with FIV < -20 g 
FRV = 0 g/min 
All except FRV = 0 g/min 
All except last visit of each feeder in test period 
All except last visit of each feeder in test period 
All except first visit of each feeder in test period 
All except first visit of each feeder in test period 
All except last visit of each feeder in test period 
All except first visit of each feeder in test period 
FIV < -20 g 
FIV > 2,000 g 
Abs (FIV) >20 g 
OTV < 0 s 
OTV > 3,600 s 
FRV > 500 g/min 
FRV >110 g/min 
FRV >170 g/min 
OTV > 500 s 
Abs (FRV) < 2 g/min 
LWD < -20 g 
LWD > 1,800 g 
FWD < -20 g 
FWD > 1,800 g 
LTD < 0 s 
FTD < 0 s 
aFRV was not calculated for OTV < 0 s. 
b LWD = entrance weight of trough of following visit - exit weight of trough of present visit. 
CFWD = entrance weight of trough of present visit - exit weight of trough of preceding visit. 
dLTD = entrance time of following visit - exit time of present visit. 
eFTD = entrance time of present visit - exit time of preceding visit. 
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subsequent visits. Because weight and time differences involve two visits, each variable was 
separated into two variables to distinguish between the leading (leading weight difference, 
LWD and leading time difference, LTD) and following (following weight difference, FWD 
and following time difference, FTD) visits in time. The variables OTV, LWD, LTD, and 
FTD were not used by Eissen et al. (1998) but were included in this study as additional 
variables in which errors could occur. These seven variables were calculated for every visit 
using the complete data set (see Table 2.2 for an example). Subsequently, data from pigs that 
were removed early from the test were discarded. All variables contained extreme values, 
which indicates that errors exist in these data for every variable. 
Within each variable several criteria (usually high and low) were established to 
determine whether a visit contained an error (Table 2.3). A total of 16 criteria were 
developed. These will be referred to as error types (ET1 to 16). Criteria were determined 
based on frequency histograms of the variables, knowledge of the feeder, or based on criteria 
developed by Eissen et al. (1998). Very extreme values were usually discarded before 
plotting histograms. For example, Figure 2.1 demonstrates how the threshold was chosen for 
ET2 (FIV-hi) based on the histogram of FFV. Further details on the establishment of each 
criterion will be given in the Results section. 
Frequency of errors 
The criteria of Table 2.3 were used to code each visit in the MLEP data for presence 
(1) or absence (0) of each error type. An additional code was given to indicate presence of at 
least one error of any type (overall error, OE). Frequencies of each error type and of two 
error types occurring in the same visit were computed for unidentified and identified visits. 
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Figure 2.1. Histogram of feed intake per visit from identified visits that were used to set the 
threshold for classifying a visit as an error for error type 2 (FIV-hi, see Table 2.3). Data were 
from the Maternal Line Evaluation Program. 
The co-occurrence of two error types was used to understand relationships between error 
types. 
Variability of error frequencies 
To evaluate the variability in the frequency of errors across experiments, feed intake 
data from National Pork Board's Quality Lean Growth Modeling Program (QLGMP) 
(Robison et al., 2000) and Genetics of Lean Efficiency Program (GLEP) (Newcom et al., 
2002) were also coded for the 16 error types. All three experiments (MLEP, QLGMP, and 
GLEP) were done at the Minnesota Pork Producers Association test station in New Ulm, 
Minnesota, using the same FIRE feeders, starting with the QLGMP and ending with the 
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GLEP. Data from the first replicate were unavailable for both the QLGMP and the GLEP, 
and data from 11 feeders in the QLGMP and from one feeder in the GLEP were discarded 
because of excessive (> 90 kg) feed disappearance from unidentified visits. Remaining data 
from the QLGMP (Table 2.1) were from 893 pigs that represented six genetic lines, two 
sexes (barrows and gilts), four diets (varied by lysine level), and two replicates. Remaining 
data from the GLEP (Table 2.1) were from 237 purebred pigs that represented two breeds 
(Yorkshire and Duroc), two sexes (barrows and gilts), and one replicate. Frequencies of each 
error type and of OE in identified visits were calculated for each experiment. Because feed 
intake is often expressed on a daily basis per pig, the frequency of daily feed intake records 
that contained at least one error was also calculated. 
Factors associated with errors 
To identify factors associated with each error type, a generalized linear mixed model 
was fit to each error type and OE in identified visits from the MLEP data using logistic 
regression (Dobson, 2002). The seventeen response variables (presence, y = 1, or absence, y 
= 0, of an error type or overall error) were assumed to have a binomial distribution: y ~ Bin 
(1, p) where p is the probability that y = 1. A linear predictor {r\ = XJ3 + Zu; -=•=> < 
along with the logit inverse link function (exp(z/) (1 + exp(^))"1) were fit to the data so that 
E(y) = p = exp(^) (1 + exp(^))"1 ; 0 < p<l;-°°<77<o° 
The linear predictor (r j )  used in the model was: 
rjijklmn =M + R,+ SJ + bxx k  + b2x 2 k  + Fu + Pmll + Dki + Wnll where 
in = intercept 
Ri = fixed effect of the ith replicate 
Sj = fixed effect of the jth sex 
blxk = linear effect of the kth day in the test period 
b2x2k = quadratic effect of the kth day in the test period 
Fu = effect of the Ith feeder in the ith replicate, assumed random with fu ~ n(o,ct2f ) 
Pmii = effect of the mth pig within the Ith feeder in the ith replicate, assumed random 
with pm l i~n{0,a 2 p )  
Du = effect of the kth day in the ith replicate, assumed random with dki ~ n(o,ct2d) 
Wnii = effect of the nth week within the Ith feeder in the ith replicate, assumed random 
with wnli ~n(0,O2W) 
The GLIMMIX macro of SAS (SAS Inst. Inc., Cary, NC) was used to fit the model. 
Restricted/residual pseudo likelihood was used to estimate the variance components 
(Wolfinger and O'Connell, 1993). Convergence was not reached for five error types (ET3 to 
6 and ET9), likely because of low frequencies. The CONTAIN option was used to calculate 
the denominator degrees of freedom for the F tests of the fixed effects. After solutions were 
obtained, the linear predictor was converted into the probability of an error occurring using 
the logit inverse link function: 
E(yijkimn) = Pijk = exp(77yk) (1 + exp(^ijk))"1 ; 0 < pijk < 1 ; -=° < < °° 
Results 
Development of criteria to identify errors 
Three criteria were used to identify errors in the variable feed intake per visit (Table 
2.3). Error type 1 (FIV-lo) was used to identify visits where a negative feed intake was 
recorded. The criterion used for ET1 (FIV-lo) (-20 g) was based on measurement error. 
Brown and Van der Steen (1990) reported that the average difference between recorded and 
actual FIV from FIRE feeders was 0.6 g (SD = 8.5 g). Measurement error can result in FIV = 
-20.7 g (- 2.5 * SD) if no feed was consumed, so visits with FIV < -20 g were identified as 
errors for ET 1. Eissen et al. (1998) also used -20 g for this criterion. An age dependent 
criterion was used by Nienaber et al. (1990) that varied from 20 to 30 g. They assumed that 
recorded consumption less than these values were false visits or caused by insignificant 
"nibbling". FIRE software used -300 g by default for this criterion. 
Error type 2 (FIV-hi) was designed to identify visits where recorded feed intake was 
larger than what was physically possible. Based on the histogram of FTV (Figure 2.1), FIV > 
2,000 g was chosen to identify errors of this type, which was also used by Eissen et al. 
(1998), but software provided with the FIRE feeder used 1,500 g by default. Error type 3 
(FTV-0 s) was designed to identify visits where recorded feed intake was larger than 
measurement error when the visit lasted 0 s. Because of measurement error, the threshold of 
±20 g (Table 2.3) was used. Eissen et al. (1998) used the value ± 10 g. 
Two criteria were developed to identify errors in the variable occupation time per 
visit (Table 2.3). These error types were not used by Eissen et al. (1998) although they can 
occur in data from IVOG feeders. Error type 4 (OTV-lo) was designed to detect visits where 
the recorded exit time was less than the recorded entrance time, which was also used by the 
FIRE software by default. Error type 5 (OTV-hi) was designed to detect visits that lasted 
longer than reasonable. Based on the histogram of OTV, 3,600 s was chosen. Software for 
the FIRE feeder used two hours by default. 
Five criteria were developed to identify errors in the variable feeding rate per visit 
(Table 2.3). Error types 6 (FRV-hi-FIV-lo), 7 (FRV-hi-strict), and 8 (FRV-hi) were designed 
to detect visits where recorded feed consumption was faster than reasonable. Error type 6 
(FRV-hi-FIV-lo) was applied to visits with low intake (0 < FIV < 50 g). Such visits could 
result in high FRV if a pig took a mouthful of feed and left the feeder quickly. To avoid 
coding such visits as errors, ET6 was given a larger threshold (500 g/min) than ET7 (FRV-hi-
strict) and 8 (FRV-hi). The threshold for ET6 (FRV-hi-FIV-lo) was based on the histogram 
of FRV for these visits and was similar to that used by Eissen et al. (1998) (600 g/min). 
Eissen et al. (1998) detected a pattern in the data where visits with a negative value 
for feed intake were often directly preceded or followed by a visit with an elevated positive 
feed intake and recommended using a more stringent criterion on FRV for the associated 
visits with the positive feed intake. Error type 7 (FRV-hi-strict) was applied to these visits 
with a threshold of 110 g/min (Table 2.3), which was taken from Eissen et al. (1998). For all 
other visits, ET8 (FRV-hi) was used to detect unreasonably large FRV, with a threshold of 
170 g/min, which was based on histograms of FRV. This was similar to that used by Eissen 
et al. (1998) (150 g/min) but larger than that used by McDonald and Nienaber (1994) (100 
g/min). 
Error type 9 (FRV-0 g/min) was used to detect visits where no feed was consumed 
and occupation time was long (Table 2.3). Based on the histogram of OTV for visits where 
FRV = 0 g/min, a threshold of 500 s was chosen, which is twice that used by Eissen et al. 
(1998). Error type 10 (FRV-lo) was used to detect visits where recorded feed consumption 
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was slower than reasonable. The threshold of ± 2 g/min was based on the histogram of FRV 
of all visits except those where FRV = 0 g/min, which was the same as used by Eissen et al. 
(1998) but less than the 10 g/min used by McDonald et al. (1991). Nienaber et al. (1990) also 
identified visits with this type of error but did not specify the threshold used. 
Error types 11 to 16 (Table 2.3) were used to detect unreasonable differences between 
feed trough weights and time from subsequent visits in time. Because these differences 
involved two visits, two criteria (leading and following) were used to code both visits. Error 
types 11 (LWD-lo) and 13 (FWD-lo) were used to detect negative weight differences using a 
threshold of -20 g, which was based on measurement error. 
Error types 12 (LWD-hi) and 14 (FWD-hi) were used to detect weight differences 
that were larger than reasonable (Table 2.3). A threshold of 1,800 g was chosen based on the 
operation of FIRE feeders. The FIRE feeder weighs only the feed trough, which contains a 
maximum of 1,000 g of feed. When the amount of feed in the feed trough is less than a level 
set by the user (usually 500 g) a volume of feed is dispensed from a bin above the trough. 
The weight of the feed dispensed is usually about 450 g, but depends on the density of the 
feed. Feed can be dispensed in between or during visits. If the feeder detects a transponder 
when it dispenses feed, the amount of feed dispensed is added to the entrance weight of the 
trough. If the feeder cannot weigh the amount dispensed because the pig moves the feed 
trough, then it uses the dynamic portion calibration (DPC) value as an estimate of feed 
dispensed. The DPC value is based on a rolling average weight of previously dispensed feed 
that could be measured. The threshold of 1,800 g for weight differences between subsequent 
visits was based on the feeder dispensing a maximum of four times (450 g x 4 times). For 
example, if a pig finished a visit and there was 200 g of feed left in the trough, the feeder 
would dispense feed once in between visits, bringing the amount of feed in the trough to 650 
g. If the next pig that entered the feeder ate 2,000 g, the feeder would dispense three times 
during the visit, which would increase the entrance trough weight of that visit by 1,350 g (3 x 
450 g). Thus, the weight difference between visits would be 1,800 g. 
Eissen et al. (1998) also used a threshold of ±20 g to identify errors based on the 
difference in trough weight between subsequent visits, which was based on measurement 
error. They did not distinguish between the leading and the following visit but gave both the 
same error type. Additional criteria were not used by Eissen et al. (1998) because of the 
different design and operation of the IVOG feeder. The IVOG feeder weighs a feed hopper 
that functions as both a trough and a storage bin. As a result, feed is dispensed to the feeder 
fewer times than with the FIRE feeder. Also, when feed is dispensed, a separate visit is 
recorded unlike for FIRE feeders. As a result, comparisons between feed trough weights 
between subsequent visits in time should only differ by measurement error for the IVOG 
feeder. 
A negative time difference between subsequent visits in time was used as criterion for 
ET15 (LTD-lo) and ET16 (FTD-lo) (Table 2.3). Eissen et al. (1998) did not use these two 
criteria. 
Frequency of errors 
Frequencies of each error type and of two error types occurring in the same visit in 
identified and unidentified visits from the MLEP data are listed in Table 2.4. 
Unidentified visits. There were 170,837 (37.1%) unidentified visits in the MLEP data 
(Table 2.1), which was much greater than found by Eissen et al. (1998) (0.95%). Feed intake 
Table 2.4. Frequency of each error type3 and of two error types occurring in the same visit in unidentified and identified visits5'0 
from the Maternal Line Evaluation Program 
Error Type 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Frequency 
1 0 11,449 0 3 0 0 0 0 11 240 11 141 0 1 14 20,613 
2 0 5 0 0 0 3 5 0 0 2 3 0 11 0 0 13 
3 1 0 0 0 0 0 0 0 0 154 14 91 3 0 8 24,531 
4 0 0 0 0 0 0 0 0 0 1 0 2 0 0 1 11 
5 2 7 0 0 0 0 0 0 4 0 0 1 0 0 0 6 
6 0 0 0 0 0 0 0 0 0 13 1 8 0 0 0 5,735 
7 0 222 0 0 0 0 0 0 0 7 0 3 3 0 0 163 
8 0 671 0 0 0 0 0 0 0 3 8 4 5 0 1 297 
9 0 0 0 0 36 0 0 0 0 0 0 0 0 1 1 25 
10 27 0 0 0 80 0 0 0 0 4 1 11 0 7 11 1,020 
11 200 131 0 0 9 1 146 35 1 63 0 13 2 5 46 680 
12 105 458 0 0 3 0 41 478 2 23 0 10 3 0 2 140 
13 513 0 0 0 3 1 19 11 3 94 334 116 0 4 59 686 
14 2 1,478 0 0 9 0 207 1,081 0 0 144 964 0 0 1 13 
15 29 14 0 4 79 1 1 12 1 84 200 16 35 26 10 16 
16 15 7 1 1 29 1 1 17 0 36 72 14 139 15 545 189 
Frequency 2,319 1,523 23 5 151 76 640 2,046 444 2,918 2,244 2,780 2 ,236 2,919 1,325 1,136 
aError types are defined in Table 2.3. 
^Frequencies above the diagonal are for unidentified visits and below the diagonal are for identified visits. 
cThere were 170,837 unidentified visits and 290,073 identified visits. 
per unidentified visit averaged 3.4 g and 85.1% had a value for feed intake less than 20 g, 
which can be attributed to measurement error. Error types 1 (FIV-lo), 3 (FIV-0 s), and 6 
(FRV-hi-FIV-lo) were common in unidentified visits (12.1,14.4, and 3.4%, Table 2.4). The 
high frequencies of ETl (FIV-lo), 3 (FIV-0 s), and 6 (FRV-hi-FIV-lo) can be explained by 
rodent activity. For example, if a 25 g mouse entered the feed trough, an unidentified visit 
would be recorded where FIV = -25 g and OTV would be small, resulting in ETl (FIV-lo). If 
the visit lasted 0 seconds then the visit would also be coded for ET3 (FIV-0 s). This appears 
to occur frequently because approximately half of the visits coded for ET3 (FIV-0 s) were 
also coded for ETl (FTV-lo). When the mouse exits the feeder, ET6 (FRV-hi-FIV-lo) could 
occur because the visit would last a short time with FIV = 25 g. Eissen et al. (1998) also 
found that ET6 (FRV-hi-FIV-lo) was common in unidentified visits (16.2%) but ETl (FTV-
lo) and ET3 (FIV-0 s) were not (0 and 0.3%). 
Identified visits. Frequencies of each error type and of two error types occurring in the 
same visit in identified visits from MLEP data are listed in Table 2.4. Six examples were 
used to demonstrate how a feeder malfunction could result in multiple error types in the same 
visit (Table 2.5 and 2.6). Data from Table 2.2 were altered to demonstrate the examples. 
There were 290,073 identified visits (Table 2.1), which was 62.9% of the total number of 
visits. The percentage of identified visits that contained at least one error and daily feed 
intake records that contained at least one visit with an error was 5.62 and 17.21%, 
respectively (Table 2.7). The percentage of visits with a given error type ranged from 0.00 to 
1.01%. 
Error type 1 (FIV-lo) occurred at a relatively high frequency (0.8%, Table 2.4). Of the 
2,319 visits that contained ETl, 8.6 and 22.1% also contained ET11 (LWD-lo) and 13 
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Table 2.5. Four examples of feed intake data3 when the recorded entrance or exit weight of 
the feed trough was different from the actual weightb, which resulted in different error types0 
occurring in the same visitd 
Pig 
transponder Entrance Exit FIV, FRV, LWD, FWD, 
number weight6, g Weight6, g g g/min g g 
Example 1. Recorded entrance weight is underestimated, which results in error 
types 1 (FIV-lo) and 13 (FWD-lo) in the same visit 
2,736 7,044 6,856 188 21.3 -256 -
1,340 6,600 6,657 -57 -5.3 409 -256 
598 7,066 6,763 303 21.0 - 409 
Example 2. Recorded exit weight is overestimated, which results in error types 1 
(FIV-lo) and 11 (LWD-lo) in the same visit 
2,736 7,044 7,100 -56 -6.4 -244 -
1,340 6,856 6,657 199 18.5 409 -244 
598 7,066 6,763 303 21.0 - 409 
Example 3. Recorded entrance weight is overestimated, which results in error 
types 2 (FIV-hi), 8 (FRV-hi), and 14 (FWD-hi) in the same visit 
2,736 7,044 6,856 188 21.3 1,844 
1,340 8,700 6,657 2,043 190.1 409 1,844 
598 7,066 6,763 303 21.0 - 409 
Example 4. Recorded exit weight is underestimated, which results in error types 2 
(FIV-hi), 8 (FRV-hi), and 12 (LWD-hi) in the same visit 
2,736 7,044 6,856 188 21.3 0 
1,340 6,856 4,800 2,056 191.3 2,266 0 
598 7,066 6,763 303 21.0 - 2,266 
aFlV = feed intake per visit, FRV = feeding rate per visit, LWD = leading weight 
difference, FWD = following weight difference. 
bSee Table 2.2 for the actual weight. 
cError types are defined in Table 2.3. 
^Numbers that demonstrate the example are bolded. 
eWeight of the feed trough. 
(FWD-lo), respectively. This was similar to the value of 26.6%, which was a combination of 
LWD and FWD, found by Eissen et al. (1998). Error type 1 (FTV-lo) could be caused if the 
feed trough was weighed too heavy at the end of a visit, too light at the beginning of a visit, a 
combination of these two conditions, or if the pig dropped an object in the feed trough. If the 
33 
Table 2.6. Two examples of feed intake data* when the recorded entrance or exit time was 
different than the actual time5, which resulted in different error types0 occurring in the same 
visitd 
Pig 
transponder Entrance Exit OTV, FRV, LTD, FTD, 
number time, se Time, se s g/min s s 
Example 1. Recorded entrance time was underestimated, which results in error types 5 
(OTV-hi), 10 (FRV-lo), and 16 (FTD-lo) in the same visit 
2,736 1,020,756,041 1,020,756,570 529 21.3 -5,965 
1,340 1,020,750,605 1,020,757,250 6,645 1.8 38 -5,965 
598 1,020,757,288 1,020,758,153 865 21.0 - 38 
Example 2. Recorded exit time was overestimated, which results in error types 5 (OTV-
hi) and 15 (LTD-lo) in the same visit 
2,736 1,020,756,041 1,020,756,570 529 21.3 35 
1,340 1,020,756,605 1,020,760,250 3,645 3.3 -2,962 35 
598 1,020,757,288 1,020,758,153 865 21.0 - -2,962 
aOTV = occupation time per visit, FRV = feeding rate per visit, LTD = leading time 
difference, and FTD = following time difference. 
bSee Table 2.2 for the actual time. 
°Error types are defined in Table 2.3. 
^Numbers that demonstrate the example are bolded. 
^Number of seconds from 1/1/1970. 
trough was weighed too light at the start of a visit it could result in ETl3 (FWD-lo), as is 
demonstrated in Example 1 of Table 2.5. If the trough was weighed too heavy at the end of a 
visit, it could result in ET11 (LWD-lo), as is demonstrated in Example 2 of Table 2.5. The 
fact that ET 13 (FWD-lo) and 1 (FIV-lo) occurred more often together than ETl 1 (LWD-lo) 
and 1 (FIV-lo) (Table 2.4) suggests that entrance weight of the trough was weighed 
incorrectly more often than the exit weight, although both occurred. 
Error type 2 (FIV-hi) occurred at a relatively high frequency (0.5%) and ET3 (FTV-0 
s) occurred at a low frequency in identified visits (Table 2.4). Error type 2 (FFV-hi) could 
result if the feed trough was weighed too heavy at the start of the visit, too light at the end of 
the visit, a combination of these two, excessive feed wastage, or if the DPC value was used 
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Table 2.7. Percentage of identified visits that contained each error type3 and overall error 
(OE), and the percentage of daily feed intake (DEI) records with at least one error visit for 
Error type QLGMP MLEP GLEP Mean CV 
1 6.64 0.80 1.19 2.88 1.13 
2 0.69 0.53 0.29 0.50 0.40 
3 0.09 0.01 0.01 0.04 1.26 
4C 0.00 0.00 0 0.00 -
5 0.23 0.05 0.09 0.12 0.77 
6 0.39 0.03 0.02 0.15 1.44 
7 2.10 0.22 0.10 0.81 1.39 
8 1.68 0.71 0.27 0.89 0.81 
9 0.27 0.15 0.23 0.22 0.28 
10 1.84 1.01 1.18 1.34 0.33 
11 3.68 0.77 0.43 1.63 1.10 
12 0.71 0.96 0.38 0.68 0.43 
13 3.06 0.77 0.46 1.43 0.99 
14 0.74 1.01 0.40 0.72 0.43 
15 0.76 0.46 0.18 0.47 0.62 
16 0.74 0.39 0.14 0.42 0.71 
OE 18.74 5.62 4.33 9.56 0.83 
DFI 50.03 17.21 19.84 29.03 0.63 
aError types are defined in Table 2.3. 
bQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
c0.00 = one or more visits contain the error and 0 = zero visits contain the error. 
and it overestimated the amount dispensed. Error type 14 (FWD-hi) could result concurrently 
if the trough was weighed too heavy at the beginning or the DPC value was used and was too 
large (see example 3, Table 2.5). This happened 97% of the time. If the trough was weighed 
too light at the end then ET12 (LWD-hi) could result concurrently with ET2 (FIV-hi) (see 
example 4, Table 2.5). This happened 30% of the time. These results suggest that entrance 
weight was weighed incorrectly more often than exit weight. This is consistent with the 
conclusion from ETl (FIV-lo). 
Visits that had a large value for FIV (ET2, FIV-hi) also resulted in a larger than 
reasonable feeding rate (ET7, FRV-hi-strict and 8, FRV-hi), as demonstrated by the data 
(Table 2.4) and in Examples 3 and 4 of Table 2.5. Eissen et al. (1998) also found this 
relationship. Error type 3 (FIV-0 s) rarely occurred simultaneously with other error types. 
Error types 4 (OTV-lo) and 5 (OTV-hi) occurred at low frequencies in identified 
visits and occurred mostly together with ET15 (LTD-lo) (80 and 52%) and ET16 (FTD-lo) 
(20 and 19%, Table 2.4). Error type 4 (OTV-lo) can happen if the time that is recorded by the 
feeder is inaccurate and is reset by the computer while a visit is in progress. Error type 5 
(OTV-hi) occurs if recorded exit time was too large, recorded entrance time was too small, a 
combination of these two, or if a pig laid down with its head in the feeder. If the recorded 
entrance time was too small, then it would tend to also cause ETl6 (FTD-lo), as 
demonstrated in Example 1 of Table 2.6. If the recorded exit time was too large, then it 
would tend to cause ET15 (LTD-lo), as demonstrated in Example 2 of Table 2.6. Error type 
15 (LTD-lo) occurred more frequently with ET5 (OTV-hi) than ET16 (FTD-lo) (Table 2.4), 
which indicates that exit time is recorded incorrectly more often than entrance time. Also, 
ET5 (OTV-hi) occurred frequently with ET9 (FRV-0 g/min) and 10 (FRV-lo) (24 and 53%, 
respectively), which could occur if time was recorded incorrectly by a large degree (6,000 s), 
but a normal amount of feed was consumed (FIV = 199, Table 2.2), as shown in Example 1 
of Table 2.6. More likely, however, these errors occurred together because pigs lay with their 
head in the feeder and ate very little. 
Percentages of error types relating to feeding rate in identified visits ranged from 0.03 
to 1% (Table 2.4). Error types 6 (FRV-hi-FIV-lo) and 9 (FRV-0 g/min) occurred infrequently 
and rarely with other error types. Error types 7 (FRV-hi-strict) and 8 (FRV-hi) reflected visits 
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that had a large feeding rate and could be caused by overestimating feed intake, by 
underestimating occupation time, or a combination of these two. These error types occurred 
frequently with ET14 (FWD-hi). Error type 8 (FRV-hi) also occurred frequently with ET12 
(LWD-hi). Relationships of ET8 (FRV-hi) with ET12 (LWD-hi) and 14 (FWD-hi) are 
demonstrated in Examples 3 and 4 of Table 2.5 and are similar to the relationships of ET2 
(FIV-hi) with ET12 (LWD-hi) and 14 (FWD-hi), which suggests these errors were caused by 
an overestimation of feed intake. 
Percentages of error types relating to weight and time differences between subsequent 
visits (ET11 to 16) ranged from 0.39 to 1% (Table 2.4). Error types 12 (LWD-hi) and 14 
(FWD-hi) frequently occurred together. This could happen if the DPC was too large and used 
in both visits. Error types 15 (LTD-lo) and 16 (FTD-lo) also frequently occurred in the same 
visit. 
Variability of error frequencies 
Percentages of errors in identified visits for the three experiments (QLGMP, MLEP, 
and GLEP) are listed in Table 2.7. The overall error rate varied from 4.33 to 18.74%. Eissen 
et al. (1998) reported an overall error rate of 5.7% in identified visits and also found 
considerable variation between groups of pigs on the same feeders. For each error type, the 
percentage varied considerably between projects (coefficients of variation of up to 144%), 
except for ET4 (OTV-lo). Eissen et al. (1998) also found considerable variation in the 
proportion of each error type between groups of pigs in the same pen. The proportion of 
errors between projects tended to decrease in the order the projects were completed 
(QLGMP, MLEP, and GLEP). It is important to note that the QLGMP was the first 
experience National Pork Board had with electronic feeders and that a different person 
managed the feeders in the next two experiments. Thus the decreasing error rates could 
reflect the increasing ability of the managers to operate the feeders properly, but could also 
be caused by the decreasing number of pigs per pen (Table 2.1). 
The percentages of daily feed intake records that contained at least one error ranged 
from 17.21 (MLEP) to 50.03 % (QLGMP) (Table 2.7). Literature values ranged from 29 
(Eissen et al., 1999) to 34.6% (Eissen et al., 1998). The MLEP had a smaller proportion of 
daily feed intake records with errors than the GLEP, despite the fact that the MLEP had a 
larger proportion of overall errors. This indicates that errors were spread over more days in 
the GLEP than in the MLEP. 
Factors associated with errors 
A logistic regression analysis was used to identify factors associated with rates for 
overall error and each error type. Variances for the four random effects that were fit are 
illustrated in Figure 2.2. The largest percentage of variability (32 to 57%), after correcting for 
fixed effects, was explained by week within feeder and replication, except for ET 15 (LTD-
lo) and 16 (FTD-lo). This effect explained week-to-week variation in the amount of errors 
within a feeder and could result from temporary feeder malfunctions. Eissen et al. (1998) also 
found that feeders that had the most errors had a period of at least two weeks with a relatively 
large proportion of errors. These results indicate how important timely detection and 
correction of feeder malfunctions is to the quality of the data. 
Test day within replicate explained from 7 to 62% of total random variation (Figure 
2.2). This variable accounts for day-to-day variation in the amount of errors within a replicate 
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• Pig (feeder replicate) • Feeder (replicate) 0 Day (replicate) • Week (feeder replicate) 
OE ETl ET2 ET7 ET8 ET10 ET11 ET12 ET13 ET14 ET15 ET16 
Error Type 
Figure 2.2. Proportion of total random variation in identified visits explained by each 
random effect for overall error (OE) and each error type (ET#, see Table 2.3) in data from the 
Maternal Line Evaluation Program. 
that affects all feeders. Error types 10 (FRV-lo), 15 (LTD-lo), and 16 (FTD-lo) were most 
affected by this factor, which could be explained by weather. For example, electrical storms 
could cause errors in most feeders on specific days and could explain ET 15 (LTD-lo) and 16 
(FTD-lo). High temperatures could increase ET10 (FRV-lo) as a result of pigs lying in the 
protective crate to stay cool. 
Variance explained by feeder within replicate ranged from 0 to 38% (Figure 2.2). 
This factor explains feeder-to-feeder variation in amount of errors within a replicate and can 
be caused by recurrent malfunction of individual feeders. Error types 11 (LWD-lo) and 13 
(FWD-lo) were affected the most by this factor and could be explained by feeders that 
frequently weigh incorrectly. 
Variance explained by pig within feeder and replicate ranged from 4 to 25% (Figure 
2.2) and may reflect behavior differences between pigs. For example, aggressive pigs could 
cause more errors. Error types 1 (FIV-lo), 2 (FIV-hi), 7 (FRV-hi-strict), and 14 (FWD-hi) 
were most affected by this factor. If a pig enters the feeder, does not eat, and plays with the 
feed trough, the visit could have ETl (FIV-lo). If a pig wastes a lot of feed this could result 
in ET2 (FIV-hi) and ET7 (FRV-hi-strict). 
Probabilities of an error occurring for OE, ETl (FTV-lo), 2 (FTV-hi), 8 (FRV-hi), 10 
(FRV-lo), 11 (LWD-lo), and 12 (LWD-hi) as a function of test day and sex are plotted in 
Figures 2.3 to 2.6. Error type 7 (FRV-hi-strict) was not plotted because the probabilities were 
small (p < 0.00009). Graphs for ET13 (FWD-lo) and 14 (FWD-hi) were similar to those for 
ET 11 (LWD-lo) and 12 (LWD-hi) (Figure 2.6) and were not shown. The effect of sex was 
significant (P < 0.05) for ET7 (FRV-hi-strict), 8 (FRV-hi), 10 (FRV-lo), and 12 (LWD-hi). 
Males caused more errors than females for all error types, except for ETl5 (LTD-lo) and 16 
(FTD-lo). The effect of replicate was only significant for ETl6 (FTD-lo). There were more 
errors of this type in replicate 2. The effect of test day was not significant for overall error (P 
= 0.057), ETl5 (LTD-lo), and ET16 (FTD-lo). The quadratic effect of test day was left in the 
model if P < 0.10, which occurred for ETl (FIV-lo), 7 (FRV-hi-strict), 10 (FRV-lo), 11 
(LWD-lo), and 13 (FWD-lo). In general, the number of errors increased with test day, except 
for ET10 (FRV-lo), 11 (LWD-lo), and 13 (FWD-lo). Eissen et al. (1998) also observed this 
increasing trend and suggested that using a feeder for a longer period without maintenance 
increased the number of errors. It could, however, also be explained by the increasing weight 
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Figure 2.3. Probability of an error (overall error) occurring in identified visits throughout the 
test period for barrows and gilts in replicates 2 and 3 of the Maternal Line Evaluation 
Program. 
of the pigs as an experiment progresses. 
Discussion 
Although errors can be identified in data from electronic feeders, it is likely that the 
sixteen criteria developed in this study do not identify all errors. It is also likely that these 
criteria incorrectly classify some visits as errors. In general, thresholds for the criteria 
described in Table 2.3 were designed to be conservative to maximize the probability of 
detecting errors. This resulted in more incorrect identification of errors, but it was decided 
that this was preferable. These criteria could be improved by developing age dependant 
criteria, as Nienaber et al. (1990) used for the lower threshold of FIV. An age-dependent 
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Figure 2.4. Probability of error types 1 (FIV-lo) and 2 (FTV-hi, see Table 2.3) occurring in 
identified visits throughout the test period for barrows and gilts in replicates 2 and 3 of the 
Maternal Line Evaluation Program. 
threshold could also be used for the maximum amount of feed consumption per visit (ET2, 
FIV-hi). 
Results indicate that errors do occur in data from electronic feeders and the numbers 
are substantial, even in the experiment that had the fewest errors (GLEP). Eissen et al. 
(1999), however, showed that an accurate estimate of average daily feed intake can be 
obtained even if only 30% of daily records were available, i.e. those with no errors. 
Although the feeder, pigs, weather, day within the test period, and sex affected error 
rates, management of the feeder seemed to be the main factor. Because feeder management is 
so vital to data quality, a list of problems and recommendations are given in Table 2.8 to 
ensure proper functioning of electronic (FIRE) feeders. In addition, the sixteen criteria that 
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Figure 2.5. Probability of error types 8 (FRV-hi) and 10 (FRV-lo, see Table 2.3) occurring in 
identified visits throughout the test period for barrows and gilts in replicates 2 and 3 of the 
Maternal Line Evaluation Program. 
were developed to identify errors in feed intake data could be used during an experiment to 
diagnose feeder malfunctions, as proposed by Eissen et al. (1998). A computer could easily 
generate daily reports that contain the frequency of each error type occurring in data from 
each feeder. These reports could then be used to diagnose feeder malfunctions based on the 
knowledge of the error type and the factors that are associated with the error type. The 
sixteen criteria could also be used to edit feed intake data after an experiment is completed, 
as proposed by Eissen et al. (1999). A subsequent paper develops a method of editing that 
uses these sixteen criteria. 
It must be noted that a newer model of the FIRE feeder was released by Osborne 
Industries Inc. since these data were collected, which was designed to reduce malfunctions. 
!!•-
- - • - - Replicate 2, barrow 
—•—Replicate 2, gilt 
• - * - - Replicate 3, barrow 
—•—Replicate 3, gilt 
"v. 
-v. 
Crror Type iô' • "•§: 
Error Type 8 
14 21 28 35 42 49 56 63 70 
43 
0.0035 
0.0030 
0.0025 
& 
s 0.0020 1 
2 0.0015 
PL, 
0.0010 
0.0005 
0.0000 
Test Day 
Figure 2.6. Probability of error types 11 (LWD-lo) and 12 (LWD-hi, see Table 2.3) 
occurring in identified visits throughout the test period for barrows and gilts in replicates 2 
and 3 of the Maternal Line Evaluation Program. 
Criteria to identify errors from this study will, however, apply to data from the new model 
because the basic design is the same. Results from this study will also apply to other brands 
of electronic feeders because of similarities between the feeders. 
Implications 
The large amount of data that are generated by electronic feeders, which are used in 
genetic nucleus herds and in research farms, contain errors. The sixteen criteria developed in 
this study could be used to quickly and efficiently identify errors in this data. Based on the 
understanding of these errors and the factors associated with these errors, the criteria could 
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Table 2.8. A list of problems and recommendations to ensure the proper functioning of 
electronic (FIRE) feeders 
Problem Recommendation 
1) Calibration of the feed trough weight is 
inaccurate resulting in inaccurate 
measurements of feed trough weight 
Verify once every two weeks that the feeder 
is calibrated properly by placing a known 
weight in the feed trough 
2) The DPCa value is too small or large 
resulting in inaccurate estimates of FIVb 
Verify at least daily that the DPC value is 
between 400-450 g 
3) Debris accumulates under the feed trough 
resulting in inaccurate measurements of 
feed trough weight 
Remove debris from under the feed trough 
as needed 
4) A transponder stops working properly, 
falls off of the ear, or the identification 
system stops working resulting in 
unidentified visits where feed is consumed 
Monitor feed intake of unidentified visits 
daily 
5) Data is not downloaded to the computer 
enough often resulting in lost data 
Download data from the feeder daily 
6) Other feeder malfunctions Monitor the feed intake data daily by using 
the sixteen criteria and the summary 
reports created by the FIRE software 
aDPC = dynamic portion calibration. This value is used in a large percentage of visits and 
has a large impact on the accuracy of feed intake. 
bFTV = feed intake per visit. 
be used during a test period to diagnose and fix feeder malfunctions. This would decrease the 
amount of errors and improve the accuracy of estimating feed intake traits. The criteria could 
also be used to edit feed intake at the end of a test period, which would also improve the 
accuracy. As a result, research projects or genetic progress will be improved. 
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CHAPTER 3. A MODEL TO ADJUST DAILY FEED INTAKE RECORDS FOR 
ERRORS IN DATA FROM ELECTRONIC SWINE FEEDERS1 
A paper to be submitted to the Journal of Animal Science 
D. S. Casey2 and J. C. M. Dekkers3 
Abstract 
Electronic swine feeders are used to automatically measure feed intake in group-
housed pigs, but data from these feeders contain errors that need to be edited. The objective 
of this study was to develop a model to adjust daily feed intake records for errors and to 
evaluate how robust adjustments are when used in different data sets. The data contain 
1,316,301 visits in 153,246 daily feed intake records from 1,721 pigs in three experiments. 
Sixteen criteria were used to identify visits with errors. Error-free daily feed intake was 
calculated by summing feed intake per visit over error-free visits and was used as the 
dependent variable in a statistical model with 31 variables related to error types to estimate 
the impact of error-visits on error-free daily feed intake. Model estimates were then used to 
adjust daily feed intake for errors. The model was fit separately to data from the three 
experiments and covariates were dropped from the model by backward elimination if the F 
test was not significant (P < 0.10). The proportion of variation in error-free daily feed intake 
that was explained by the covariates related to errors ranged from 0.07 to 0.17 for the three 
1 We would like to thank National Pork Board for providing the data used in this study. This 
study was supported by Hatch Act and State of Iowa funds of the Iowa Agriculture and 
Home Economics Experiment Station, Ames, LA, USA (Project No. 3456). 
2 Current address: PIC, 3033 Nashville Rd., Franklin, Kentucky 42134 
3 Correspondence: 225C Kildee Hall (phone: 515-294-7509; fax: 515-294-9150; E-mail: 
jdekkers@iastate.edu) 
experiments. Estimates were similar between experiments, at least in direction, but usually 
also in value, although effects that remained in the model varied between experiments. 
Average adjustments made to daily feed intake records with errors ranged from 441 to 613 g 
in the three experiments, which indicates that it is incorrect to assume that no feed is 
consumed during error visits. Adjusted daily feed-intake records were within reasonable 
ranges and distributed similarly to daily feed intake from days with no errors. Use of 
adjustment factors obtained from one experiment to adjust records from another experiment 
resulted in similar adjusted records (correlations between adjusted daily feed intake for days 
with errors ranged from 0.93 to 0.99), except when adjustment factors were used in the 
experiment with a high occurrence of errors (correlations ranged from 0.86 to 0.95). The 
editing method was further evaluated by comparing the amount of feed put in the feeder with 
the amount of feed recorded by the feeder before and after editing. Editing resulted in 
sizable improvements when the difference before editing was greater than 5% of feed put 
into the feeder. In conclusion, this model can be used to adjust feed intake data from 
electronic feeders for errors, which allows more daily feed intake data to be used. Model 
estimates are robust when used in other experiments except when the frequency of errors is 
high. 
Introduction 
Improvement of feed utilization by the growing pig results in economic benefits for 
pig producers. This improvement is greatest when feed intake is measured on individual pigs. 
Electronic swine feeders (De Haer et al., 1992; Labroue et al., 1994; Young and Lawrence, 
1994) measure individual feed intake on group-housed pigs and are used in genetic nucleus 
herds and on research farms to study and improve traits related to feed intake. Electronic 
feeders record data from individual visits, which are often summarized into daily feed intake 
records. 
Data from electronic swine feeders have been found to contain substantial amounts of 
errors (De Haer et al., 1992; Eissen et al., 1998; Casey et al., 2003), but only a few studies 
have reported how errors can be identified and edited (Nienaber et al., 1990; De Haer et al., 
1992; Eissen et al., 1999). Eissen et al. (1998) developed criteria to identify individual visits 
that contain errors in data from IVOG (Insentec, Marknesse, the Netherlands) electronic 
feeders and Casey et al. (2003) developed similar criteria for FIRE (Osborne Industries Inc., 
Osborne, Kansas) electronic feeders. Apart from the identification of errors, the utilization of 
data from error visits when summarizing daily feed intake could be valuable. Often, error 
visits are discarded and daily feed intake is summarized only over error-free visits. This 
assumes that no feed was consumed in visits with errors. In contrast, Eissen et al. (1999) 
removed all data from days that contained at least one visit with an identified error. This 
results in the removal of substantial amounts of data from valid visits. Eissen et al. (1998), 
however, suggested that a model that utilizes all valid information could be used to adjust 
daily feed intake records for errors. The objectives of the present study were to develop such 
a model to adjust daily feed intake records for errors and to evaluate the robustness of the 
adjustments when used in different data sets. 
Materials and Methods 
Data 
Data were provided by the National Pork Board and came from three large-scale 
experiments: the Quality Lean Growth Modeling Program (QLGMP) (Robison et al., 2000), 
the Maternal Line Evaluation Program (MLEP) (Goodwin and Boyd, 2000), and the 
Genetics of Lean Efficiency Program (GLEP) (Newcom et al., 2002). Summary statistics are 
in Table 3.1. Data were available from five of eight replicate groups that were evaluated in 
the three experiments. These data were from a total of 1,721 pigs that represented two sexes 
(barrows and gilts) in 124 pens. All three experiments were conducted at the Minnesota Pork 
Producers Association test station in New Ulm, Minnesota, starting with the QLGMP and 
ending with the GLEP. 
Pigs had access to feed 24 h a day and feed intake data were collected using FIRE 
(Feed Intake Recording Equipment; Osborne Industries Inc., Osborne, Kansas) electronic 
feeders. Each pen was equipped with one feeder that recognized individual pigs through an 
electronic transponder that was located in an ear tag on the pig. Feeders recorded transponder 
number, feeder number, and feed trough weight and time at the beginning and end of each 
visit. Software provided with the feeders used four criteria by default to identify and filter 
errors out of the raw data to create summary reports. Only raw, unfiltered data were used in 
this study. The data did not include data from 15 pens that had excessive (> 90 kg) feed 
disappearance by unidentified visits over the test period, as described by Casey et al. (2003). 
Unidentified visits result if the feed trough moved but no pig was detected in the feeder. Only 
identified visits were used in this study. 
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Table 3.1. Summary statistics of data3 used from three experiments15 conducted by the 
National Pork Board using the same electronic (FIRE) feeders 
Summary statistic QLGMP MLEP GLEP 
No. pigs 893 591 237 
No. replicates 2 2 1 
No. breeds 6 6 2 
No. diets 4 1 1 
No. pens 59 43 22 
Mean no. pigs per pen 15.1 13.7 10.8 
Mean on-test body weight, kg 53.5 50.9 33.7 
Mean off-test body weight, kg 131.3 114.3 122.3 
No. identified visits 863,590 290,073 162,638 
No. unidentified visits 57,252 170,837 333,931 
No. daily feed intake records 86,219 44,981 22,046 
aData were those after data from 15 pens with excessive feed disappearance (> 90 kg over 
the test period) from unidentified visits (visits where no transponder was detected by the 
feeder) were discarded. 
bQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
The criteria developed by Casey et al. (2003) were used to identify and code 16 error 
types (ET1 to 16) in each identified visit. The criteria were designed to detect errors in the 
following variables that were calculated for each visit: feed intake per visit (FIV) (ET1 to 3), 
occupation time per visit (OTV) (ET4 and 5), feeding rate per visit (FRV) (ET6 to 10), feed 
trough weight differences between subsequent visits in time (ET11 to 14), and time 
differences between subsequent visits in time (ET15 and 16). Details are in Casey et al. 
(2003). 
Model Development 
Daily feed intake per pig was calculated by summing FTV over all visits (daily feed 
intake with errors, DFIE) and over only visits that were error-free (DFIEF). If a daily feed 
intake record had visits with errors and there was feed consumed in the error visits then 
DFIEF underestimates true intake and the difference between true intake and DFIEF is 
expected to increase as the number of errors per daily feed intake record increases. The 
average amount of feed consumed during error visits could, therefore, be estimated by 
regressing DFIEF on the number of errors for each error type. This became the basis for the 
method that is developed below to adjust DFIEF for error visits. 
The model to estimate the average amount of feed consumed during error visits was 
first developed using data from the MLEP using the MIXED procedure of SAS (SAS 
Institute Inc., 1999). The model was: 
y mm, - Rl + B1 + St + Wli + P„ + *1 + 
I + | > , , 0 7 7 ) ,  
p=\ p~\ p=6 p-4 p-\5 
where 
yijidmnp = DFIEF from the mth pig on the n'h day. The mth pig was of the jth breed and k"1 
sex and the nth day was in the Ith week of the ith replicate group. 
R; = fixed effect of the ith replicate group 
Bj = fixed effect of the jth breed 
Sk = fixed effect of the kth sex 
Wu = fixed effect of the Ith week in the ith replicate group 
Pm - effect of the mth pig, which was assumed random with Pm ~N(0, (J 2 P  )  
bjBWmn = linear effect of body weight from the mth pig on the nth day in the test 
period 
b2ADGm = linear effect of average daily gain over the test period from the mth pig 
bipETPpmn = linear effect of the percentage of all visits from the mth pig on the nth day 
that contained error type p 
b4pOTDpmn = linear effect of recorded occupation time summed over visits from the 
mth pig on the nth day that contained the error type p 
bspFIDpmn = linear effect of recorded feed intake summed over visits from the mth pig 
on the nth day that contained the error type p 
eijkimnp = residual  with et jumnp ~N(0,  a])  
Only on-test and off-test body weights were available for each pig so body weight on the nth 
day of test (BW„) was estimated as BW„ = on-test body weight + ADG * n. 
A total of 31 covariates related to errors were included in the model to estimate the 
combined effect of errors on daily feed intake. Information from error visits in a daily feed 
intake record were fit in three ways: all error types as a percentage of visits with a given error 
type (ETP), for specific error types (see below) as recorded occupation time during visits 
with a certain error type, and recorded feed intake during visits of a certain error type. An 
example of visits in a daily feed intake record that contained errors is listed in Table 3.2. 
Included in the example are the 31 variables related to errors that would be calculated for this 
daily feed intake record and used as covariates in the model. These covariates were fit 
simultaneously because of dependencies among error types (Eissen et al., 1998; Casey et al., 
2003). For example, visits that had a large recorded feed intake tended to have a large 
feeding rate, which resulted in multiple errors in the same visit. Also, because the response 
variable included multiple visits, dependencies could occur between error types of different 
visits, even if those error types were independent within a visit. All variables were fit 
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Table 3.2. An example of data from visits in a daily feed intake record3 and the variables'^ 
related to error types'1 that were calculated and used as covariates in the statistical model to 
adjust daily feed intake records for errors 
Pig Occupation 
transponder Feed intake time per 
number Test day per visit, g visit, s Error types 
3134 19 80 79 
3134 19 998 1,591 11 
3134 19 28 35 
3134 19 56 59 
3134 19 68 230 
3134 19 -1 1 
3134 19 3,341 295 2, 8, 12, 14 
3134 19 -1 151 10 
3134 19 -8 53 
3134 19 1,533 2,325 
Variables related to error types that were used as covariates in the model 
Error type ETPP, % OTDd, s FIDP, g 
1 0 0 NI 
2 10 295 NI 
3 0 NI NI 
4 0 NI 0 
5 0 NI 0 
6 0 0 NI 
7 0 0 NI 
8 10 295 NI 
9 0 0 NI 
10 10 151 NI 
11 10 1,591 NI 
12 10 295 NI 
13 0 0 NI 
14 10 295 NI 
15 0 NI 0 
16 0 NI 0 
aDaily feed intake with errors (DFIE) and error-free (DFIEF) were 6,094 and 1,756 g, 
respectively, for this record. 
TBTPp = percentage of visits in the daily feed intake record that contained the pth error 
type, OTDp = summation of occupation time over visits that contain the pth error type, and 
FTDp = summation of feed intake over visits that contain the pth error type. 
CNI = not included. 
dError types (ET1 to 16) were used to identify errors in several variables: feed intake per 
visit (ET1 to 3), occupation time per visit (ET4 and 5), feeding rate per visit (ET6 to 10), 
feed trough weight difference between subsequent visits (ET 11 to 14), and time difference 
between subsequent visits (ET15 and 16). 
simultaneously and were dropped sequentially by backward elimination if the f test was not 
significant (P < 0.10). 
The number of error visits was fit as a percentage rather than as a number because the 
total number of visits per day varies considerably. Fitting error types as a percentage also 
resulted in a better fit than fitting the number of visits that contained a specific error type 
multiplied by the average FIV, with average FIV computed for each pig based on the daily 
feed intake record or from all records within the week. 
For visits with error types that were only caused by an incorrect measurement of feed 
trough weight (ET1, 2,11,12,13, and 14), occupation time was assumed accurate and was 
used as additional information in the model. Thus, time spent in the feeder during visits with 
these error types was summed for each daily feed intake record and used as additional 
covariates (Occupation Time per Day, OTD1,2,11,12,13, and 14). Similarly, visits with 
error types that were only caused by incorrect recording of time (ET4, 5,15, and 16), FTV 
was assumed accurate and was used as additional information in the model. Thus, feed 
consumption during visits with these error types was summed for each daily feed intake 
record and used as additional covariates (Feed Intake per Day, FID4,5,15, and 16). 
Only error types related to FRV (ET6 to 10) and ET3 could be caused by the 
combined effect of incorrect weights and time, but Casey et al. (2003) showed that errors 
related to FRV were probably caused by incorrect weights, which was also assumed by 
Eissen et al. (1998). As a result, OTD was used as a covariate for ET6 to 10. It was unclear 
whether ET3 was caused by incorrect measurement of weight or time so OTD or FID were 
not used for this error type. 
To avoid undue influence of individual records on model estimates, daily feed intake 
records that surpassed certain thresholds for OTD or FID were excluded from the analysis. 
Thresholds were chosen subjectively from frequency histograms for OTD and FID, as 
indicated in Table 3.3. The number of records that was excluded was 237 (Table 3.3). 
Solutions from the final model were then used to adjust DFIEF for errors. The 
adjustment for the mth pig on the nth day that contained the pth error type was calculated as: 
ADJpmn = I%etp^ +ÈVro»™ +Ë +É4„ra,»~ + f,bs„FID_ 
 ^ p=1 p=1 p=6 p=4 p=15 y 
where bqp are estimates of regression coefficients and all other terms are as defined 
previously. 
This adjustment (ADJ) was added to DFIEF to create the adjusted daily feed intake record 
(DFIA). Adjustments were not made to records that contained outliers in OTD or FED. 
Models were developed separately for the QLGMP and GLEP data in the same way 
as described for the MLEP. A total of 1,624 daily records contained outliers in OTD or FID 
and were excluded for the QLGMP data. Data from the GLEP contained 118 daily records 
with outliers. 
Model Robustness 
To evaluate the robustness of the model adjustments, data from a given experiment 
were adjusted using model solutions derived from each of the three experiments, resulting in 
three estimates of adjusted daily feed intake per record. Robustness was evaluated based on 
56 
Table 3.3. Descriptive statistics for daily feed intake records that contained outliers3 for 
occupation time (OTDb) and feed intake (FIDC) summed over visits with specific error types'1 
in data from the Maternal Line Evaluation Program 
No. surpass threshold 
Variable No. Mean SD Lower Upper 
OTD1, s 1,477 564 808 0 11 
OTD2, s 1,026 1,617 2,338 0 13 
OTD6, s 72 2 1 0 0 
OTD7, s 495 319 428 0 0 
OTDB, s 1,469 426 579 0 0 
OTD9, s 273 2,481 2,705 0 35 
OTDIO, s 1,967 2,712 10,947 0 89 
OTD11, s 1,606 770 3,827 0 9 
OTD 12, s 1,483 1,267 2,050 0 16 
OTD13, s 1,488 391 2,415 0 3 
OTD 14, s 1,506 2,020 2,158 0 59 
FID4, g 5 239 280 0 0 
FID5, g 144 362 3,317 3 1 
FID15, g 762 808 1,033 14 16 
FID16, g 669 701 1,121 15 6 
'Thresholds were OTD < 0 s, OTD > 5,000 s, FID < 0 g, and FID > 3,500 g. 
bOTDp = summation of occupation time over visits that contain the pth error type 
cFEDp = summation of feed intake over visits that contain the pth error type. 
dError types (ET1 to 16) were used to identify errors in several variables: feed intake per 
visit (ET1 to 3), occupation time per visit (ET4 and 5), feeding rate per visit (ET6 to 10), 
feed trough weight difference between subsequent visits (ET11 to 14), and time difference 
between subsequent visits (ET 15 and 16). 
the correlations among the adjustments and among the adjusted daily feed intake within each 
experiment. 
Results and Discussion 
Data 
The percentage of daily feed intake records with a given error type is given in Table 
3.4. Amount of errors varied considerably within and between experiments. Errors relating to 
weight (ET1 to 3 and ET6 to 14) were more common than errors relating to time (ET4, 5,15, 
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Table 3.4. Percentage of daily feed intake records3 that contained each error typeb and at 
least one error visit (DPI) and the percentage of visits with at least one error for three 
Error type QLGMP MLEP GLEP 
1 23.65 3.28 6.49 
2 5.01 2.28 1.76 
3 0.78 0.05 0.06 
4 0.04 0.01 0 
5 1.84 0.32 0.58 
6 2.93 0.16 0.13 
7 10.86 1.10 0.64 
8 11.60 3.27 1.61 
9 1.56 0.61 0.99 
10 11.95 4.37 6.82 
11 18.03 3.57 2.42 
12 5.90 3.30 2.36 
13 17.17 3.31 2.72 
14 6.04 3.35 2.34 
15 3.04 1.69 0.78 
16 2.92 1.49 0.59 
DPI 50.03 17.21 19.84 
Visits 18.74 5.62 4.33 
There were 86,219,44,981, and 22,046 daily feed intake records in the QLGMP, MLEP, 
and GLEP. 
^Error types (ET1 to 16) were used to identify errors in several variables: feed intake per 
visit (ET1 to 3), occupation time per visit (ET4 and 5), feeding rate per visit (ET6 to 10), 
feed trough weight difference between subsequent visits (ET11 to 14), and time difference 
between subsequent visits (ET15 and 16). 
CQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
and 16). There was a decreasing trend in the number of errors from the first experiment 
(QLGMP) to the last experiment (GLEP). Casey et al. (2003) suggested that this decreasing 
trend was a result of the increasing ability of the managers to operate the feeders properly. 
Percentage of daily feed intake records with at least one error ranged from 17.2 (MLEP) to 
50.0% (QLGMP). Literature values ranged from 29 (Eissen et al., 1999) to 34.6% (Eissen et 
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al., 1998). The percentage of identified visits that contained errors ranged from 4.3 (GLEP) 
to 18.7% (QLGMP), which is comparable to the 5.7% found by Eissen et al. (1998). 
Descriptive statistics of DFIE and DFIEF are in Table 3.5. Statistics are summarized 
only over daily feed intake records with errors. The percentage of records that surpassed the 
upper thresholds for DFIE (> 4,500 g) clearly indicates that errors existed in data from all 
three experiments. The percentage of records that were negative for DFIE decreased from the 
first to the last experiment, which followed the same trend as the error types (Table 3.4). This 
trend was not observed for records with unreasonably large values for DFIE- The QLGMP 
had the smallest and the MLEP had the largest percentage of records that surpassed the upper 
threshold for DFIE, yet the opposite was true for the percentage of records with at least one 
error (Table 3.4). Different conclusions would be drawn about the number of errors in each 
data set if thresholds were used to identify errors at the level of daily feed intake records than 
if errors were identified at the level of visits. This indicates that identifying errors only at the 
level of daily feed intake records would be inappropriate. 
When visits with errors were removed (DFIEF), the number of unreasonable values 
was reduced considerably, although some unreasonable values still remained (Table 3.5). In 
this study, errors were identified only at the level of individual visits. It is clear that 
additional criteria at the level of daily records could be used to detect additional errors. The 
correlation between DFIE and DFIEF was 0.46, -0.03, and 0.31 for the QLGMP, MLEP, and 
GLEP, respectively. 
59 
Table 3.5. Descriptive statistics for recorded daily feed intake (DFIE = intake over all visits; 
DFIEF = intake over error-free visits) for days with at least one error visit from three 
experiments3 
Percentage surpass threshold5' 
Variable No. Mean, g SD, g Lower Upper 
OLGMP 
DFIE 43,134 2,541 2,520 6.0 12.1 
DFIEF 43,134 1,851 1,201 1.0 2.4 
MLEP 
DFIE 7,739 3,648 6,187 2.1 18.8 
DFIEF 7,739 2,066 1,120 0.1 2.5 
GLEP 
DFIE 4,374 2,718 2,981 1.1 12.8 
DFIEF 4,374 2,007 1,114 0.2 3.7 
aQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
Thresholds were < 0 g and > 4,500 g. 
Model Development 
The goodness of fit of the model to the data, as evaluated by R-square, was 0.36, 
0.51, and 0.65 for the QLGMP, MLEP, and GLEP, respectively. The proportion of variation 
in DFIEF that was explained by the covariates related to error types was 0.17,0.12, and 0.07 
for the QLGMP, MLEP, and GLEP, respectively. The decreasing variation due to errors from 
the first experiment (QLGMP) to the last experiment (GLEP) is related to the decreasing 
trend in the proportion of errors (Table 3.4). The percentage of daily feed intake records with 
errors was greater in the GLEP than the MLEP, but there were a larger percentage of visits 
with errors in the MLEP (Table 3.4). This result indicates that the fit of the model depends 
more on the proportion of visits with errors than on the proportion of daily feed intake 
records with errors. 
Solutions for the covariates relating to errors for the three experiments are listed in 
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Table 3.6. Solutions for the covariates3 related to errors used in the model to adjust daily 
feed intake records for errors from three experiments^ 
Covariate QLGMP MLEP GLEP 
ETP1, g of feed / % -12.99 *** -18.47 *** -16.63 *** 
ETP2, g of feed / % -8.15 *** NS NS 
ETP3, g of feed / % -18.39 *** NS 40.74 * 
ETP4, g of feed / % NS -240.12 ** NS 
ETP5, g of feed / % -8.85 *** -18.10 *** -17.01 *** 
ETP6, g of feed / % -12.77 *** -23.96 * NS 
ETP7, g of feed / % -8.72 *** NS -14.33 *** 
ETP8, g of feed / % -10.60 *** -9.86 *** 12.17 *** 
ETP9, g of feed / % -22.63 *** -25.73 *** -25.46 *** 
ETP10, g of feed / % -27.22 *** -18.80 *** -18.79 *** 
ETP11, g of feed / % -14.43 *** -12.70 *** -4.81 f 
ETP12, g of feed / % -12.75 *** -14.79 *** -26.50 *** 
ETP13, g of feed / % -6.96 *** -10.14 *** -12.24 *** 
ETP14, g of feed / % -12.62 *** -20.79 *** -28.92 *** 
ETP15, g of feed / % -12.90 *** -20.12 *** -25.76 *** 
ETP16, g of feed / % -12.88 *** -9.70 *** -17.82 *** 
OTD1, g of feed / s -0.15 *** -0.18 *** NS 
OTD2, g of feed / s NS -0.12 *** -0.27 *** 
OTD6, g of feed / s 34.15 *** 149.12 * NS 
OTD7, g of feed / s NS -0.19 ** 0.22* 
OTD8, g of feed / s NS 0.45 *** ' NS 
OTD9, g of feed / s -0.21 *** -0.17 *** -0.19 *** 
OTD 10, g of feed / s 0.04* 0.09 *** 0.10** 
OTDll,goffeed/s -0.06 *** -0.22 *** -0.18 ** 
OTD 12, g of feed / s NS NS 0.07 f 
OTD13, g of feed/ s NS -0.09 t NS 
OTD 14, g of feed / s -0.07 *** -0.08 *** NS 
FID4, g of feed / g NS 5.95 *** NS 
FED5, g of feed / g -0.18 *** NS NS 
FID15, g of feed/g NS 0.18 *** 0.66 *** 
FDD16, g of feed / g 0.14 ** NS NS 
aETPp = percentage of visits in the daily feed intake record that contained the pth error 
type, OTDp = summation of occupation time over visits that contain the p'h error type, and 
FIDp = summation of feed intake over visits that contain the pth error type. 
bQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
NS P  > 0.10, t P  <  0.10, * P  <  0.05, * * P <  0.01, *** P  < 0.001. 
Table 3.6. Effects that remained in the model varied between experiments. Solutions were 
similar between experiments in direction and mostly in value. Solutions reflect the average 
amount of feed consumption that was not included in DFIEF after removal of visits with 
errors. Interpretation of individual solutions is, however, complicated by the simultaneous 
fitting of all covariates and the dependencies between them. For example, ET2 was fit in 
variables ETP2 and OTD2 but because this error type was also related to ET8,12, and 14 
(Casey et al., 2003), dependencies exist between ETP2, 8,12, 14, OTD2, 8,12, and 14. It is, 
therefore, more appropriate to interpret the combined effect of errors on daily feed intake 
records or ADJ. 
Descriptive statistics of ADJ, DFIA, and daily feed intake (DFI) from days that 
contained no visits with errors are in Table 3.7. Statistics for ADJ and DFIA are summarized 
only over daily feed intake records with errors, excluding records with outliers for the 
variables OTD and FID. Outliers were excluded because adjustments made to these records 
resulted in unreasonable values for ADJ and DFIA- The average adjustment amount was 613, 
600, and 441 g for the QLGMP, MLEP, and GLEP, respectively. This clearly indicates that 
feed is consumed during visits that contain errors and that summarizing intake from only 
visits without errors, as is done in some applications, is inappropriate and would 
underestimate daily feed intake. The average adjustment amount decreased from the first 
(QLGMP) to the last (GLEP) experiment, which again reflects the decreasing proportion of 
errors (Table 3.4). 
Frequency histograms for DFIA and DFI from the three experiments are plotted in 
Figures 3.1 to 3.3. It is clear from the graphs and from Table 3.7 that adjustments made for 
errors resulted in reasonable values for daily feed intake that were distributed similarly to 
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Table 3.7. Descriptive statistics for the adjustment (ADJ) made for errors, adjusted daily feed 
intake (DFIA), which are both from daily feed intake records with at least one error, 
excluding outliers for the variables occupation time per day and feed intake per day, and 
daily feed intake (DFI) from days with no errors from three experiments3 
Percentage surpass threshold 
Variable No. Mean, g SD,g Lower Upper 
OLGMP 
ADJ 41,510 613 545 
DFIA 41,510 2,499 1,042 0.0 4.2 
DFI 43,085 2,254 956 0.2 1.4 
MLEP 
ADJ 7,502 600 657 
DFIA 7,502 2,692 933 0.0 4.2 
DFI 37,242 2,507 884 0.0 2.3 
GLEP 
ADJ 4,256 441 553 
DFIA 4,256 2,471 1,086 0.0 6.3 
DFI 17,672 2,524 1,045 0.0 5.3 
aQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
^Thresholds were < 0 g and > 4,500 g. 
daily feed intake from days that contained no errors. It is unclear how accurate the adjusted 
daily feed intake records were because the true values were not known, but it is likely that 
accuracy was increased relative to DFIE and DFIEF- Accuracy of this editing method will be 
evaluated in a companion paper (Casey and Dekkers, 2003). Some unreasonable values were 
found for DFIA, but the percentage was small. 
The editing method developed in this study identified errors at the level of visits and 
corrected for these errors at the level of daily feed intake records. After adjustments are made 
to daily feed intake records, additional criteria should be used to identify errors at the level of 
daily feed intake records to correct for the small proportion of records that were 
unreasonable. The thresholds used in Tables 5 and 7 could be used as these criteria. 
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Figure 3.1. Histogram of adjusted daily feed intake (DFI adjusted) from daily feed intake 
records with at least one error, excluding records with outliers for occupation time per day 
and feed intake per day, and daily feed intake (DFI) from days with no errors from the 
Quality Lean Growth Modeling Program (QLGMP). 
Unreasonable records could be discarded and replaced using the estimate from the regression 
of daily feed intake (after adjustments) on test day for each pig, which is similar to the 
method used by Eissen et al. (1999). The regression could also be used to replace records that 
contained outliers for OTD and FID that were not adjusted and missing records, or days 
where no visits were recorded for a pig. Missing records could be caused by sickness, injury, 
a missing or defective transponder, a malfunction in the identification system, data loss, or a 
malfunction in the feeder. There were 6,250 (6.8%), 1,485 (3.2%), and 224 (1.0%) missing 
records in the QLGMP, MLEP, and GLEP data, respectively. If after adjusting for errors the 
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Figure 3.2. Histogram of adjusted daily feed intake (DFI adjusted) from daily feed intake 
records with at least one error, excluding records with outliers for occupation time per day 
and feed intake per day, and daily feed intake (DFI) from days with no errors from the 
Maternal Line Evaluation Program (MLEP). 
regression estimates were used to replace unreasonable records, records with outliers for 
OTD and FDD, and missing records, a total of 11.1,6.3, and 7.0% of daily feed intake records 
would be replaced in the QLGMP, MLEP, and GLEP, respectively. This would result in 
54.1, 21.8, and 24.9% of records that would have some editing. 
Further evaluation of the editing method was done by comparing the amount of feed 
put into 11 FERE feeders at Iowa State University's swine breeding farm with data obtained 
from the feeders before and after editing. Feed intake data were edited using the model and 
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Figure 3.3. Histogram of adjusted daily feed intake (DFI adjusted) from daily feed intake 
records with at least one error, excluding records with outliers for occupation time per day 
and feed intake per day, and daily feed intake (DFI) from days with no errors from the 
Genetics of Lean Efficiency Program (GLEP). 
the additional edits at the level of daily feed intake. Missing daily feed intake records were 
replaced by estimates from a quadratic regression of daily feed intake on test day for each 
pig. Feed intake before and after editing was summed across pigs within a pen and across 
days and compared to the amount of feed put into the feeder over the whole test period. 
Results in Figure 3.4 show that the editing method improved the accuracy of feed intake 
when the non-edited data was more than five percent different from the amount put into the 
feeder, but in the other cases changed feed intake little. The mean difference was -2.3% after 
editing and was less than five percent different for all but three feeders. An average 
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Figure 3.4. The difference between the amount of feed put into each feeder and recorded 
feed intake for pigs within a pen across the test period before and after editing. The 
difference is expressed as a percent of the amount of feed put into each feeder. 
difference of 4% was found by De Haer et al. (1992) using the IVOG feeders. Differences 
between feed intake after editing and the amount put into the feeder could be caused by 
inaccuracies in the editing method, the measurement of feed intake by the feeder, or the 
measurement of feed put into the feeder. 
A strength of the editing method developed in this study is that it utilizes all valid 
information to correct for errors. It utilized daily feed intake records that had no errors, error-
free visits for days with error visits, and even utilized some information from error visits. The 
method used by Eissen et al. (1999) only utilizes daily feed intake records that have no errors 
and the remaining records with errors are discarded and replaced by the estimate from the 
regression of daily feed intake on test day for each pig. If their method was used to edit the 
three data sets used in this study, 569,555, 61,341, and 39,178 visits from the QLGMP, 
MLEP, and GLEP, respectively, would have been discarded, of which 71.6,73.4, and 82.0% 
contained no errors. As a result 43,134 (50.0%), 7,739 (17.2%), and 4,374 (19.8%) daily feed 
intake records would have been discarded. Eissen et al. (1999) showed that up to 70% of 
daily feed intake records could be missing randomly throughout the test period and still result 
in an accurate estimate of average daily feed intake. This result indicates that using their 
method to edit data from the three data sets used in this study would result in an accurate 
estimate of average daily feed intake. This would be true if errors were evenly distributed 
throughout the test period, but it is not clear how accurate their method would be if errors 
were clustered together, especially at the beginning or ending of the test period. It is also not 
clear how accurate either method would be in short test periods. Further research needs to be 
done to evaluate and compare the ability of these editing methods to accurately estimate daily 
feed intake and average daily feed intake. 
Model Robustness 
Correlations between the adjustments made for errors and between DFIA when data 
were adjusted using model solutions from the different experiments are in Table 3.8. 
Correlations were calculated from daily feed intake records with errors only. Records with 
outliers for the variables OTD and FID were excluded. Adjustments made to the QLGMP 
data when solutions from the QLGMP and the GLEP were used resulted in high correlations 
between the adjustments and between the DFIA, but were lower when solutions from the 
MLEP were used. The mean DFIA was 2,499, 2,582, 2,460 g when solutions from the 
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Table 3.8. Correlations3 between the adjustments (ADJ, above diagonal) made for errors and 
between adjusted daily feed intake records (DFIA, below diagonal), within each experiment13, 
Experiment QLGMP MLEP GLEP 
OLGMP 
QLGMP 0.77 0.84 
MLEP 0.88 0.71 
GLEP 0.95 0.86 
MLEP 
QLGMP 0.95 0.91 
MLEP 0.98 0.94 
GLEP 0.93 0.96 
GLEP 
QLGMP 0.93 0.89 
MLEP 0.99 0.94 
GLEP 0.97 0.98 
Correlations are calculated only from daily feed intake records with at least one error 
visit, excluding outliers for the variables occupation time per day and feed intake per day. 
bQLGMP = Quality Lean Growth Modeling Program, MLEP = Maternal Line Evaluation 
Program, and GLEP = Genetics of Lean Efficiency Program. 
QLGMP, MLEP, and GLEP, respectively, were used to adjust QLGMP data. Results indicate 
that estimates derived from the MLEP data may not be appropriate for data from the 
QLGMP, whereas estimates obtained from the GLEP are. Adjustments made to the MLEP 
and the GLEP data based on solutions from the three experiments were highly correlated. 
The mean DFIA was 2,674,2,692, and 2,684 g, respectively, when estimates from the 
QLGMP, MLEP, and GLEP were used to adjust MLEP data and was 2,480, 2,486, and 2,471 
g, respectively, for the adjusted GLEP data. These results indicate that adjustments are robust 
to model estimates for data sets with a lower amount of errors but are questionable when 
used in data sets with a large number of errors. It is recommended that model estimates be 
derived separately from data sets that contain a large number of errors like the QLGMP data. 
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Implications 
The model developed in this study can be used to edit feed intake data from electronic 
swine feeders. Similar methods can be used for data from electronic feeders used for other 
species. The strength of this editing method is that it utilizes all valid information to correct 
for errors and does not assume feed is not consumed during error visits. Methods that discard 
error visits and assume no feed is consumed during those visits underestimate feed intake. 
Based on results from this study the adjustment to daily feed intake seems reasonable for 
most records but additional editing steps were recommended to handle the few outliers and 
situations the model could not handle. The ability of this model to edit feed intake data 
accurately will be objectively evaluated in a subsequent paper. 
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CHAPTER 4. A COMPARISON OF METHODS OF EDITING DATA FROM 
ELECTRONIC SWINE FEEDERS1 
A paper to be submitted to the Journal of Animal Science 
D. S. Casey2 and J. C. M. Dekkers3 
Abstract 
Data from electronic swine feeders contain errors that must be identified and edited. 
The objective of this study was to compare the ability of six editing methods to accurately 
estimate daily (DFI) and average daily feed intake (ADFI) in short and long test periods and 
in groups with different numbers of errors. Feed intake data from electronic feeders on 591 
pigs were used. Each visit was evaluated for errors using 16 criteria. To create an error-free 
data set as a basis for comparison, data from 124 pigs with few errors were selected and visits 
with errors were replaced by error-free visits from the same pig. Resulting DFI and ADFI 
were assumed to be the true trait values. Error visits were then introduced to create long test 
period data (average 12 weeks), representative of real data. The last 4 weeks per pig were 
used to create short test period data. Data were edited using 6 methods (EMI to 6). For EMI, 
a DFI record was deleted if DFI < 1,000 g or > 4,500 g. For EM2 to 6, the 16 criteria were 
used to identify errors in each visit. For EM2 and 3, all DFI records with > 1 and > 2 error 
visits, respectively, were deleted. For EM4 to 6, DFI was obtained by summing feed intake 
1 We would like to thank National Pork Board for providing the data used in this study. This 
study was supported by Hatch Act and State of Iowa funds of the Iowa Agriculture and 
Home Economics Experiment Station, Ames, LA, USA (Project No. 3456). 
2 Current address: PIC, 3033 Nashville Rd., Franklin, Kentucky 42134 
3 Correspondence: 225C Kildee Hall (phone: 515-294-7509; fax: 515-294-9150; E-mail: 
jdekkers@iastate.edu) 
over error-free visits. For EM5 and 6, DFI records were then adjusted for errors based on a 
linear model where estimates were obtained from the complete data set (591 pigs) for EM5 
or from the data sets being edited (124 pigs) for EM6. For EMI to 4, missing DFI records 
were replaced by linear regression estimates of DFI on test day for each pig. True and 
estimated DFI and ADFI were compared by calculating the correlation and the absolute 
difference. Results were also compared within error groups (low, medium, and high), which 
were based on the number of daily feed intake records with errors. Correlations were large 
(0.89 to 0.99) and the mean absolute difference was small (28 to 122 g) for both traits for all 
editing methods except EMI. Editing method six had the largest correlations for DFI in both 
test periods (> 0.96) and the smallest mean absolute difference (< 58 g). Editing method two 
and EM6 had the largest correlations for ADFI (0.99) and the smallest mean absolute 
difference (28 to 41 g). Editing method one had the smallest correlations for both traits and 
test periods (0.76 to 0.93) and the largest mean absolute difference (74 to 164 g). As the 
length of the test period decreased, correlations decreased, especially for EMI to 4. As the 
number of errors increased, the correlations decreased and the mean absolute difference 
increased. Minor differences existed between the editing methods in the low and medium 
error groups for ADFI. Correlations decreased considerably in the high error group, 
especially for EMI, 4, and 5. Results indicate that editing methods affect the accuracy of data 
from electronic feeders. Editing method six is recommended for maximum accuracy. 
Introduction 
Measuring feed intake on individual pigs can be beneficial for research purposes and 
for genetic selection programs. Intake can be measured by housing pigs individually, but they 
eat more, grow faster, and are fatter than pigs housed in groups (De Haer and De Vries, 1993; 
De Haer and Merks, 1992). Because pigs in commercial herds are housed in groups, feed 
intake for use in selection programs should also be measured on pigs housed in groups. 
Electronic feeders (De Haer et al., 1992; Slader and Gregory, 1988) were developed to 
accomplish this. 
Data from electronic swine feeders have been found to contain substantial numbers of 
errors that are usually caused by equipment malfunctions (Casey and Dekkers, 2003; De 
Haer et al., 1992; Eissen et al., 1998). Because every visit to the feeder is recorded, data sets 
from electronic feeders are large, which means finding and correcting errors can be time 
consuming. To obtain an accurate measure of feed intake, editing methods are required that 
efficiently identify, edit, and correct errors in data from electronic feeders. 
Several methods have been developed to edit data from electronic feeders to obtain 
accurate data on daily feed intake (Brisbane, 2002; Casey and Dekkers, 2003; Eissen et al., 
1999). These methods differed in the way errors were identified, edited out, and corrected. 
The ability of the different editing methods to improve the accuracy of feed intake is not 
clear. Therefore, the objective of this study was to compare the ability of six editing methods 
to accurately estimate daily feed intake and average daily feed intake in short and long test 
periods and in groups with different numbers of errors. 
Materials and Methods 
Editing methods, defined in this study as the process of identifying, editing, and 
correcting errors in feed intake data from electronic feeders, were evaluated by creating an 
accurate data set from field data. The observed average daily feed intake (ADFI) and daily 
feed intake (DFI) from this data set were considered true values and were used as a basis for 
comparison. Errors were then introduced into this data set to create an inaccurate data set. Six 
editing methods were applied to this data set and the resulting ADFI and DFI were compared 
to the true values to determine the accuracy of the editing methods. 
Field data 
Data were provided by the National Pork Board and came from the Maternal Line 
Evaluation Program (MLEP) (Goodwin and Boyd, 2000). Data were from 591 pigs that 
represented six genetic lines (one sire line by six maternal lines) and two sexes (barrows and 
gilts) in two replicates (2 and 3) and 43 pens. Data from replicate one was not available. 
There was an average of 13.7 pigs per pen and pigs started and ended the experiment at 
average weights of 50.9 and 114.3 kg, respectively. The experiment was conducted at the 
Minnesota Pork Producers Association test station in New Ulm, Minnesota. 
Pigs had access to feed 24 h per day and feed intake data were collected using FIRE 
(Feed Intake Recording Equipment; Osborne Industries Inc., Osborne, Kansas) electronic 
feeders. Individual pigs were recognized by the feeder through an electronic transponder that 
was located in an ear tag on the pig. Feeders recorded feed trough weight and time at the 
beginning and end of every visit. Data were stored at the feeder until they were downloaded 
to a computer using the software provided with the FIRE feeder. The software used four 
criteria by default to identify and filter errors out of the raw data to create summary reports. 
Only the unfiltered, raw data were used in this study. The data did not include data from 
three pens that had excessive (> 90 kg) feed disappearance by unidentified visits over the test 
period, as described by Casey et al. (2003). Unidentified visits result if the feed trough 
moved but no pig was detected in the feeder. Only identified visits were used, resulting in a 
data set with 290,073 identified visits in 44,981 DFI records. 
Each visit was coded for the presence or absence of each of 16 error types (ET1 to 
16) that were developed by Casey et al. (2003). The criteria were designed to detect errors in 
seven variables that were derived for each visit: feed intake per visit (FIV) (ET1 to 3), 
occupation time per visit (OTV) (ET4 and 5), feeding rate per visit (FRY) (ET6 to 10), feed 
trough weight differences between subsequent visits in time (ET11 to 14), and time 
differences between subsequent visits in time (ET 15 and 16). A total of 5.6% of identified 
visits and 17.2% of DFI records contained at least one error. 
Accurate data set 
Evaluation of the six editing methods started by creating a data set with a long test 
period that was error-free (LONGEF)- TO ensure that this data set was representative of field 
data, it was created by identifying pigs with few visits with errors and by replacing error 
visits with valid visits. The following criteria, which were similar to those used by Eissen et 
al. (1999), were used to identify data from pigs in the MLEP with few errors for inclusion in 
LONGEF-
1. At least 85% of all DFI records over the test period had no error visits 
2. At least five error-free DFI records during the first and last seven days of the test 
period 
3. No more than three DFI records in a row that contained an error 
4. Length of the test period > 70 days 
The second criterion was used to minimize the influence errors in records at the beginning 
and ending of the test period can have on regression coefficients when DFI is regressed on 
test day, which will be used in four of the six editing methods. The third criterion was used to 
ensure that there were data over the entire test period. Data from 124 of the 591 pigs met all 
four criteria. 
The next step was to replace error visits with error-free visits and to fill in days with 
no feed intake data. For each error visit, an error-free visit was randomly selected within the 
same week from the same pig and substituted for the error visit. For days for which no feed 
intake records were available, a DFI record was randomly selected within the previous, 
current, and following week from the same pig. Visits from the selected DFI record were 
used to replace the missing record. Although missing DFI records could be caused by 
sickness and injury, it was assumed that most cases of missing DFI data were caused by 
missing or defective transponders, malfunctions in the identification system, data loss, or by 
malfunctions in the feeder. 
An error-free data set with a short test period (SHORTEF) was created from the 
LONGEF data set by discarding visits from DFI records at the beginning of the test period 
until every pig had 28 DFI records remaining. A short test period was created because 
Brisbane (2002) recommended this to maximize the number of pigs tested per feeder. 
Daily feed intake was calculated in the LONGEF and SHORTEF data sets by summing 
FIV over visits from a test day for each pig. Average daily feed intake was calculated by 
averaging DFI for each pig. The calculated values were assumed to be the true values for 
these traits and were used as a basis for comparison. 
Inaccurate data set 
The next step was to create a data set with a long test period that contained errors 
(LONGE) by introducing errors into the LONGEF data set, which then allowed the different 
editing methods to be evaluated. To create a data set that contains error visits that are 
representative of field data, the following procedure was used. For each pig in the accurate 
data set, a pig was chosen randomly with replacement from the list of 591 pigs (MLEP data) 
that had a test period length greater than or equal to that of the pig in the accurate data set. 
Visits that contained errors from the selected pig were then used to replace randomly selected 
visits in the same test day for the pig in the accurate data set. If the number of visits with 
errors was greater than the number of visits in the DFI record, then the surplus error visits 
were randomly selected and discarded. The variables FIV, OTV, FRV, and the code for the 
16 error types from the error visits were used to replace the same variables in the selected 
visits in the LONGEF data set. A data set with errors for a short test period (SHORTE) was 
created from the LONGE data set by discarding visits from DFI records at the beginning of 
the test period until every pig had 28 DFI records remaining. 
Editing methods 
The six editing methods (EMI to 6) that are described in Table 4.1 were used to 
identify, edit, and correct for errors in the LONGE and SHORTE data sets. The methods 
differed in the detection of errors and how visits with errors or days that were identified to 
contain errors were treated. Editing methods 1 through 4 removed DFI for which errors were 
detected. Linear or quadratic regressions of DFI on test day were then used to estimate DFI 
for these days. Regressions were estimated separately for each pig. 
78 
Table 4.1. Description of editing methods used to identify, edit, and correct errors in feed 
intake data from electronic feeders to obtain data on daily feed intake (DFI) 
Editing 
method 
Identification 
of errors Editing of errors Correction of errors 
1 1 kg > DFI > 
4.5 kg 
Discard DFI 
record 
Regression3 of DFI on test day 
2 16 criteria13 Discard DFI record 
with > 0 error visits 
Regression of DFI on test day 
3 16 criteria Discard DFI record 
with > 1 error visit 
Regression of DFI on test day 
4 16 criteria Discard visits with errors Sum DFI over valid visits 
5 16 criteria Discard visits with errors'1 
Regression of DFI on test day0 
Model to adjust for errors, MLEPe 
6 16 criteria Discard visits with errorsd Model to adjust for errors, LONGE6 
and SHORTE6 
^Linear and quadratic regressions were done for each pig and used to replace discarded 
DFI records. 
^Criteria or error types were used to identify errors in visits. 
^Regression was used to replace only DFI records where all of the visits contained errors. 
dVisits with errors were discarded to calculate DFI but were used in the model. 
eMLEP = estimates were derived from the Maternal Line Evaluation Program data, 
LONGE = estimates were derived from the data set that contained pigs with a long test period 
and contained errors, and SHORTE = estimates were derived from the data set that contained 
pigs with a short test period and contained errors. 
Editing method one (simple method) identified errors at the level of the DFI record 
and discarded those records if DFI surpassed the thresholds. These thresholds were chosen 
subjectively from the frequency histogram of DFI from the MLEP experiment (Figure 3.2 in 
(Casey and Dekkers, 2003)). This method is based on the method used by Brisbane (2002) 
except he used 0 and 5 kg for the lower and upper thresholds. 
Editing methods two to six identified errors at the level of individual visits, using the 
16 criteria developed by Casey et al. (2003), but differed in the way errors were treated. 
Editing method two (Eissen's method) was based on Eissen et al. (1999) and discarded DFI 
records that contained at least one error visit. Editing method three (relaxed Eissen's method) 
was identical to EM2, except that only DFI with more than one error visit were discarded to 
reduce the number of days with missing DFI. For records that contained one error visit, the 
visit with an error was discarded, assuming that no feed was consumed during this visit. 
In editing method four (software method) all error visits were discarded and daily 
feed intake was calculated by summing FIV over the error-free visits for each day for each 
pig. This method assumes that no feed was consumed during error visits and is similar to that 
used by the software provided with the FIRE electronic feeder, except that the software used 
only four criteria to identify errors. 
For editing methods five and six (adjustment model, MLEP and inaccurate), the 
model of Casey and Dekkers (2003) was used to adjust DFI for errors, after discarding of 
error visits. Adjustments to error-free DFI are based on the average amount of feed 
consumed during error visits, which is estimated by regressing error-free DFI on the 
percentage of visits of each error type within a day, and on the time and intake associated 
with error visits of specific types. Details are in Casey and Dekkers (2003). Model estimates 
derived from the original data set, as reported by Casey and Dekkers (2003), were used to 
adjust DFI for EM5 (adjustment model, MLEP). For EM6, estimates from fitting the model 
to the LONGE and SHORTE data sets were used to adjust DFI (adjustment model, 
inaccurate). Records with outliers for several of the variables were removed when the model 
was fit (EM6), but all records, including those with outliers, were adjusted (EM5 and 6). 
Evaluation of editing methods 
Following editing, ADFI and DFI were calculated for each editing method and 
compared to their true values based on the absolute difference and the correlation. The 
method of Rosenthal and Rosnow (1991) was used to test if correlations differed between 
editing methods. This test accounts for dependence between the correlations, which is caused 
by the use of the same true values for each correlation. 
Editing methods were also evaluated for groups with differing amounts of errors. 
Data from individual pigs were placed into three groups (low, medium, and high) based on 
the percentage of DFI records with at least one error in the LONGE and SHORTE data sets. 
The criteria used to group pigs was less than 10% for the low group, between 10% and 20% 
for the medium group, and greater than 20% for the high group. There were 45,47, and 32 
pigs in the low, medium, and high groups, respectively, from the LONGE data set and 62, 34, 
and 28 pigs, respectively, from the SHORTE data set. The true and estimated ADFI and DFI 
after editing in short and long test periods that were calculated previously for each pig, were 
then used to evaluate the editing methods within each group. 
All statistical modeling, calculations, and data manipulation were completed using 
SAS (SAS Institute Inc., 1999). 
Results and Discussion 
Accurate data set 
Records were chosen to be in the accurate data set based on data quality and length of 
the test period, and not based on random sampling. Nevertheless, the percentage of pigs in 
each replicate and each breed and on- and off-test weights were very similar between the 
MLEP and the accurate data set. There were a smaller percentage of barrows (31 vs 52%) 
and a seven day longer test period in the accurate data set. These were likely the result of 
barrows causing more errors (Casey et al., 2003) or barrows growing faster (Goodwin and 
Boyd, 2000). In general, the pigs in the accurate data set were a good representative of pigs 
in the MLEP experiment. 
The accurate data set contained 63,990 visits from the 124 pigs, of which 1,151 
(1.8%) contained at least one error. Literature values ranged from 4.3 to 18.7% (Casey et al., 
2003). The data set contained 44 missing DFI records (0.4% of days) from 28 pigs. After 
replacing error visits and missing DFI with valid visits, 97.8% of the visits in the final data 
set were unaltered. The correlation between DFI before and after corrections was 0.99. 
Inaccurate data set 
A total of 3,601 (5.61%) and 1,046 (4.84%) visits with errors were introduced to 
create the LONGE and SHORTE data sets, respectively. The percentage of visits and daily 
feed intake records with at least one error along with the percentage of visits with each error 
type in the LONGE and SHORTE data sets were similar to that found in the MLEP 
experiment (Casey et al., 2003). 
Editing methods 
The percentage of DFI records that were corrected in the LONGE data set using the 
six editing methods was 8.3% for EMI (simple method), 9.0% for EM3 (relaxed Eissen's 
method), 2.1% for EM4 (software method), and 15.6% for EM2 (Eissen's method), EM5 
(adjustment model, MLEP), and EM6 (adjustment model, inaccurate). Similar percentages of 
DFI records were corrected in the SHORTE data set. 
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Figure 4.1. Correlation between the true and estimated average daily feed intake after using 
six editing methods in short and long test periods using a linear regression to correct for 
errors in the first four editing methods. Within a row, correlations without a common letter 
differ (P < 0.05). 
Variables that remained in the model to adjust DFI records for errors (EM5 and 6, 
adjustment model, MLEP and inaccurate) varied between the MLEP, LONGE, and SHORTE 
data sets. Solutions were similar between experiments at least in direction and most also in 
value. Overall, solutions and variables remaining in the model were more similar between the 
LONGE and SHORTE data sets than with the MLEP. 
Evaluation of editing methods 
Correlations between the true and estimated ADFI and DFI for the six editing 
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Figure 4.2. Correlation between the true and estimated daily feed intake after using six 
editing methods in short and long test periods using a linear regression to correct for errors in 
t h e  f i r s t  f o u r  e d i t i n g  m e t h o d s .  W i t h i n  a  r o w ,  c o r r e l a t i o n s  w i t h o u t  a  c o m m o n  l e t t e r  d i f f e r  ( P  <  
0.05). 
methods in short and long test periods are shown for all pigs in Figures 4.1 and 4.2 and for 
groups with differing amounts of errors in Figures 4.3 to 4.6. Results from the low error 
group are not shown because correlations were similar to the medium error group for ADFI 
and slightly larger, but with the same pattern, as the medium group for DFI. 
Descriptive statistics for the absolute difference between true and estimated ADFI 
and DFI are listed in Table 4.2 for all pigs and for groups with differing amounts of errors. 
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Table 4.2. Descriptive statistics for the absolute difference between true and estimated 
average daily feed intake and daily feed intake after using six editing methodsa,b in short and 
long test periods. Results were also evaluated in groups that differed in the amount of daily 
feed intake records that contained errors. 
Average daily feed intake Daily feed intake 
Short Short Long Editing 
method Mean, g SD, g Mean, g SD, g Mean, g SD, g Mean, g SD, g 
Long 
1 111 241 74 88 164 491 146 411 
2 41 87 30 40 73 251 70 223 
3 54 96 42 51 77 246 71 220 
4 117 186 103 106 122 382 113 349 
5 48 71 47 60 72 254 79 343 
6 33 55 28 37 58 188 57 193 
Low error group 
1 59 121 45 50 74 338 81 331 
2 13 16 12 9 16 99 27 140 
3 14 15 17 15 18 105 28 140 
4 24 25 36 21 26 156 37 186 
5 13 17 19 25 14 91 27 207 
6 12 14 9 7 13 89 18 93 
Medium error group 
1 93 99 63 57 158 439 138 399 
2 40 32 26 21 68 261 59 209 
3 44 38 34 24 71 259 61 203 
4 101 50 83 37 105 361 90 299 
5 52 49 40 30 66 269 66 345 
6 30 26 25 22 52 176 47 180 
High error group 
1 248 440 133 132 370 722 250 501 
2 105 165 60 64 208 386 146 305 
3 155 158 90 74 214 368 149 302 
4 345 283 227 138 357 597 252 513 
5 123 103 97 92 206 393 172 456 
6 85 92 60 54 163 294 126 278 
aEditing methods 1 = simple method, 2 = Eissen's method, 3 = relaxed Eissen's method, 4 
software method, 5 = adjustment model, MLEP, and 6 = adjustment model, inaccurate. 
^Linear regression was used to correct for errors in the first four editing methods. 
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Figure 4.3. Correlation between the true and estimated average daily feed intake after using 
six editing methods in short and long test periods using a linear regression to correct for 
errors in the first four editing methods in a data set with a medium amount of errors. Within a 
row, correlations without a common letter differ (P < 0.05). 
Linear and quadratic regressions were used to correct for errors in EMI to 4. These 
models are commonly used to model the trajectory of feed intake over time (Eissen et al., 
1999; Grignola et al., 2002; Kanis and Koops, 1990; Schulze et al., 2002). Only results from 
the linear regression are shown. The quadratic regression resulted in similar correlations as 
the linear model, except in some cases it had substantially smaller correlations. Eissen et al. 
(1999) also found that the linear model resulted in similar or better accuracies than other 
models, which included a non-linear model, when used to correct for errors. Random 
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Figure 4.4. Correlation between the true and estimated average daily feed intake after using 
six editing methods in short and long test periods using a linear regression to correct for 
errors in the first four editing methods in a data set with a high number of errors. Within a 
row, correlations without a common letter differ (P < 0.05). 
regression models have also been used to model the trajectory of feed intake over time 
(Andersen and Pedersen, 1996; Schnyder et al., 2001) and could be used to correct for errors, 
but were not used in this study. The strength of the random regression model is that it uses 
information from all pigs to estimate feed intake in each pig. 
Ranking of the editing methods based on correlations was consistent in most 
situations (Figures 4.1 to 4.6). In all but one case, the largest correlations were found when 
EM6 (adjustment model, inaccurate) was used and were significantly larger than correlations 
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Figure 4.5. Correlation between the true and estimated daily feed intake after using six 
editing methods in short and long test periods using a linear regression to correct for errors in 
the first four editing methods in a data set with a medium amount of errors. Within a row, 
correlations without a common letter differ (P < 0.05). 
from all of the other editing methods in all situations except for the long test period for ADFI 
and a few other rare exceptions. The mean absolute differences between true and estimated 
DFI and the standard deviations of the absolute difference were smallest for EM6 in all but a 
few rare cases (Table 4.2). Results from EM6 could have been improved if DFI records that 
contained outliers were not adjusted, as recommended by Casey and Dekkers (2003). 
Even though EM6 (adjustment model, inaccurate) had the best results, the differences 
between EM2 (Eissen's method), EM3 (relaxed Eissen's method), and EM6 (adjustment 
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Figure 4.6. Correlation between the true and estimated daily feed intake after using six 
editing methods in short and long test periods using a linear regression to correct for errors in 
the first four editing methods in a data set with a high number of errors. Within a row, 
correlations without a common letter differ (P < 0.05). 
model, inaccurate) were small in most cases (Figures 4.1 to 4.6 and Table 4.2). Results from 
EM5 (adjustment model, MLEP) were very similar to these editing methods in the short test 
period. The poorest results came when EM4 (software method) and EMI (simple method) 
were used, which indicate that if visits with errors are discarded or errors are only identified 
in daily feed intake records, then accuracy will deteriorate. 
Both EM5 (adjustment model, MLEP) and EM6 (adjustment model, inaccurate) were 
included in this study to evaluate whether model estimates derived from one data set could be 
used in another data set to accurately correct for errors. Correlations and absolute differences 
between true and estimated ADFI and DFI were better for EM6 than for EM5 in all cases 
(Figures 4.1 to 4.6 and Table 4.2). Estimates derived from the LONGE and SHORTE data sets 
resulted in more accurate estimates of ADFI and DFI than estimates derived from the MLEP 
data set. These results indicate that estimates need to be derived from each data set, but 
Casey and Dekkers (2003) concluded the opposite when data sets have similar amounts of 
errors. The different conclusions could be explained by the different assumptions made about 
feed consumption during every error visit. In the current study, it was assumed that feed was 
consumed during every error visit because on average, feed is consumed during error visits 
(Casey and Dekkers, 2003). It is likely that there were error visits where no feed was 
consumed, which would cause estimates derived from the MLEP data to not be as well suited 
to the errors in the LONGE and SHORTE data sets and could have been detrimental to the 
results from EM4 (software method). In this method it was assumed that feed was not 
consumed during error visits. 
Correlations in the short test period were smaller than in the long test period for EMI 
to 4 (Figures 4.1 to 4.6). These differences were more pronounced in the trait DFI and as the 
number of errors increased. These trends were generally true also for the absolute differences 
(Table 4.2). Correlations were larger in the short test period than in the long period for both 
traits in all error groups for EM5 (adjustment model, MLEP). This result indicates that the 
estimates derived from the MLEP data were better suited for the errors in the short data set 
than the errors in the long data set, which could happen because model estimates were not 
derived from these data sets. Differences of correlations and absolute differences between 
short and long test period length were small for EM6 (adjustment model, inaccurate). Results 
indicate that EMI to 4, especially EMI (simple method), were sensitive to length of the test 
period and the shorter the period, the lower the accuracy. However EM6 seems to be robust 
in data sets with different test period lengths. 
Correlations were smaller and the absolute differences were greater as the amount of 
errors increased (Figures 4.3 to 4.6 and Table 4.2). The number of errors had less impact on 
ADFI. In fact, the correlations were above 0.97 for all of the editing methods in the low and 
medium error groups and were above 0.90 for DFI, except for EMI (simple method). 
Correlations decreased considerably in the high error group, especially for EMI (simple 
method), EM4 (software method), and EM5 (adjustment model, MLEP). Results indicate the 
importance of errors to data quality and efforts should be taken to minimize the number of 
errors, as recommended by Casey et al. (2003) and Eissen et al. (1998). 
Implications 
Data from electronic swine feeders contain substantial numbers of errors that need to 
be identified, edited, and corrected. The editing method used will affect the accuracy of 
estimating feed intake. The simplest methods that identify errors in daily feed intake records 
or assume that no feed was consumed in the error visits would be insufficient. The editing 
method that used the model to adjust daily feed intake for errors resulted in the most accurate 
estimates of average daily feed intake and daily feed intake in short and long test periods and 
in groups with differing amounts of errors. The method used by Eissen et al. (1999) was 
equally as good for average daily feed intake in long test periods and sometimes in short test 
period and would be easier to implement. Editing methods can be used to improve the 
accuracy of feed intake data, which will improve genetic progress or the quality of research. 
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CHAPTER 5. PERFORMANCE OF GROWING AND FINISHING BOARS AND 
GILTS FED USING ELECTRONIC VERSUS CONVENTIONAL FEEDERS' 
A paper to be submitted to the Journal of Animal Science 
D. S. Casey2 and J. C. M. Dekkers3 
Abstract 
Single-space electronic feeders that offer protection while eating are used to measure 
feed intake on group-housed pigs in breeding herds, whereas multi-space feeders that offer 
no protection are used in commercial herds. The objectives of this study were to compare 
performance of Yorkshire boars and gilts fed during the grower-finisher period using 
electronic versus conventional feeders and to test if a genotype x feeder type interaction 
exists. Littermate Yorkshire boars and gilts (n = 475) were randomly assigned to single-sex 
pens (n = 40) with single-space electronic feeders and pens with five-space conventional 
feeders. Mean on-test body weight and age were 39.4 kg and 92 d, respectively and mean 
off-test body weight was 115.8 kg. Body weight was measured weekly and backfat thickness, 
loin muscle area, and feed used by each pen were measured once every two weeks. Traits 
measured over the whole test period were analyzed by a linear mixed model and traits 
measured serially by a random regression model. An animal model analysis of individually 
1 We would like to thank Pig Improvement Company for donating the electronic feeders used 
in this study. We would also like to thank Mike Stanek and Jay Lampe for collecting the 
ultrasound data and the employees at the Iowa State swine breeding farm for the work done 
with this project. This study was supported by Hatch Act and State of Iowa funds of the Iowa 
Agriculture and Home Economics Experiment Station, Ames, IA, USA (Project No. 3456). 
2 Current address: PIC, 3033 Nashville Rd., Franklin, Kentucky 42134 
3 Correspondence: 225C Kildee Hall (phone: 515-294-7509; fax: 515-294-9150; E-mail: 
j dekkers @ iastate.edu) 
measured traits was conducted also to estimate genetic parameters. Over the whole test 
period, pigs on electronic feeders ate less feed (p < 0.05) and had a higher feed efficiency 
and lower residual feed intake, but growth and off-test backfat thickness and loin muscle area 
were not different. Feeder type x sex interaction approached significance only for growth 
rate. Gilts on electronic feeders grew slower than those on conventional feeders, but there 
was no difference for boars. Analysis of the traits measured serially revealed that gilts on the 
electronic feeders ate less, grew slower, and deposited less backfat and loin muscle area 
throughout most of the test period, but there were no differences between boar curves. 
Results indicate that electronic feeders hindered performance of gilts, but did not affect 
performance of boars. Genetic correlations between performance on the two feeder types for 
average daily gain and off-test backfat thickness and loin muscle area were 1.00, indicating 
no evidence of a genotype x feeder type interaction, but the size of the data set was limited 
for this type of analysis. In conclusion, electronic feeders had no effect on performance of 
boars, but caution should be used when testing gilts on electronic feeders because 
performance may be hindered. 
Introduction 
Improving the genetics of feed efficiency in pigs has been of great interest because of 
its economic importance to the swine industry. In the past, feed intake for pigs from genetic 
nucleus herds was evaluated in individual pens, whereas pigs in commercial herds are housed 
in groups. Individually housed pigs eat more, grow faster, and are fatter than pigs housed in 
groups (De Haer and Merks, 1992; De Haer and De Vries, 1993b). This potential genotype x 
housing system interaction can contribute to the genotype x environment interaction that has 
been found between nucleus and commercial herds (Merks, 1989). To avoid this, electronic 
feeders were developed to measure individual feed intake on group-housed pigs. Electronic 
feeders are often used in genetic nucleus herds to improve traits related to feed intake. 
Electronic feeders are single-space feeders that offer protection from competition, but 
multi-space feeders that offer no protection from competition are used in commercial herds. 
There are also design differences that could lead to differences in feed wastage. These 
combinations could lead to a genotype x feeder type interaction that could reduce the amount 
of genetic progress that is realized at the commercial level. Hyun and Ellis (2001, 2002) 
compared electronic versus single-space conventional feeders and found that pigs on the 
electronic feeders used less feed and were more feed efficient, but found no differences in 
growth. Only one study was found that compared the combined effects of feeder space, 
protection, and feeder design (Hyun et al., 1998), but no performance differences were 
reported. Their study used a two-space conventional feeder whereas most feeders used in 
commercial herds have four or more spaces. To further evaluate the impact of electronic 
feeders, the objectives of the present study were to compare performance over the whole test 
period and performance curves of Yorkshire boars and gilts fed using electronic versus five-
space conventional feeders, and to test for the presence of a genotype x feeder type 
interaction. 
Materials and Methods 
Treatments 
The effects of feeder type and sex on performance were tested using a completely 
randomized block design in a 2 x 2 factorial arrangement of treatments. Boars and gilts were 
fed using a single-space FIRE (Feed Intake Recording Equipment; Osborne Industries Inc., 
Osborne, Kansas) electronic feeder or a five-space SMIDLEY (Marting Mfg. Of Iowa, Inc., 
Britt, Iowa) stainless steel feeder (135 cm long). Electronic feeders were equipped with full-
length races (Nielsen et al., 1995b) that provided protection on all sides except the back, 
whereas the conventional feeders provided no protection. The feed troughs of the electronic 
feeders were also more enclosed, which may reduce wastage of feed. 
Housing, animals, and diets 
The experiment was done in one room of a double curtain-sided finisher building. 
The room contained 12 pens (12.1 m2 per pen) that had fully slotted floors and each pen was 
equipped with one feeder and nipple waterer. Room temperature was maintained at a 
minimum of 22°C, but was higher when the outside temperature was higher. Artificial light 
was provided 24 h per day. 
Summary statistics that further describe the experiment are in Table 5.1. There were 
475 purebred Yorkshire pigs used that were from 29 sires and 59 dams in 86 litters. Pigs 
were tested in seven contemporary groups and were put on the feeders when the lightest pig 
in the group weighed at least 22 kg. Littermates were randomly split into single-sex pens (40 
total). The number of pigs per pen was standardized to equalize floor space per pig. As a 
result, fewer pigs were put in the pens with electronic feeders because the feeders took up 
more floor space. Pigs were given one week to acclimate to the feeders and the experiment 
started at an average age of 92 d (SD = 10) and weight of 39.4 kg (SD = 8.5). Pigs were 
individually taken off-test once every two weeks when they weighed at least 111kg (mean = 
115.8 kg). 
Table 5.1. Summary statistics for boars and gilts fed using electronic and conventional feeders 
Boars Gilts 
Summary statistic Electronic Conventional Electronic Conventional 
No. pigs 112 130 107 126 
No. pens 10 10 10 10 
Mean (SD) no. pigs per pen 12.1 (2.2) 14.2(1.9) 11.6(1.6) 13.3 (1.9) 
Mean (SD) floor space per pig, m2 0.94 (0.19) 0.86 (0.12) 0.97 (0.14) 0.93(0.14) 
Mean (SD) pre-tesf body weight, kg 35.0 (6.1) 33.8 (7.4) 34.4 (9.2) 34.5 (9.0) 
Mean (SD) on-test body weight, kg 39.1 (7.2) 39.0 (8.2) 39.0 (9.3) 40.4 (9.2) 
Mean (SD) on-test age, d 91.9 (9.4) 91.3(9.7) 92.5(11.2) 91.5(11.0) 
Mean (SD) off-test body weight, kg 115.7 (5.3) 116.5(5.9) 114.7 (5.8) 116.0(4.8) 
Mean (SD) test period length, d 92.3 (14.6) 94.3 (16.2) 100.5 (17.9) 95.3(17.1) 
aPre-test body weight was recorded when pigs were placed in their pen. Pigs were then given one week to acclimate to the 
environment before the test period began (on-test). 
All pigs were fed three diets ad libitum throughout the test period. The first diet was 
fed from on-test to 36 kg of body weight and contained 3,404 kcal ME / kg, 18.8% CP, 
1.15% Lys, 0.74% Ca, and 0.66% P. The second diet was fed from 36 to 68 kg of body 
weight and contained 3,424 kcal ME / kg, 17.5% CP, 1.00% Lys, 0.65% Ca, and 0.56% P. 
The third diet was fed from 68 kg of body weight to off-test and contained 3,441 kcal ME / 
kg, 16.0% CP, 0.85% Lys, 0.60% Ca, and 0.50% P. 
Traits measured 
All of the traits evaluated in this experiment were measured serially. Body weight 
(BW) was measured weekly and backfat thickness (BF) and loin muscle area (LMA) were 
measured once every two weeks. An Aloka 500V SSD ultrasound machine was used to 
collect two cross-sectional images from each animal between the 10th and 11th ribs. Images 
were digitized and saved to a computer for later interpretation where off-midline BF and 
LMA were measured. Images were collected and interpreted by NSIF certified technicians. 
The two measures of BF and LMA from each animal were averaged to reduce measurement 
error. 
Amount of feed placed in each feeder was measured using a feed cart that contained a 
weigh scale. Amount of feed remaining in the feeder when ultrasound images were collected 
was measured so that an accurate measure of feed disappearance by the pen could be 
obtained for each two-week period. 
Early in the experiment, one electronic feeder malfunctioned and pigs were moved to 
a different pen for one week. Feed used by the pen was not measured during that week. Feed 
usage for that two-week period was estimated by averaging the pen average daily feed intake 
per pig from the previous and following two-week periods and multiplying the average by 
the number of pig days from the current two-week period. 
Statistical analyses 
To evaluate the effects of feeder type and sex on performance, three types of analyses 
were used: phenotypic analysis of traits measured over the whole test period, phenotypic 
analysis of traits measured serially, and genetic analysis of individually measured traits. 
Whole test period traits. Traits measured over the whole test period were average 
daily gain (ADG), off-test backfat thickness (OFFBF) and loin muscle area (OFFLMA), 
difference between on- and off-test backfat thickness (DBF) and loin muscle area (DLMA), 
pen average daily feed intake per pig (PADFI), and pen average feed efficiency (PAFE). Pig 
was the experimental unit for ADG, OFFBF, OFFLMA, DBF, and DLMA, and pen was the 
experimental unit for PADFI and PAFE. Individually measured traits were analyzed with the 
following linear mixed model using SAS (SAS Inst. Inc., Cary, NC). Traits measured on 
pens were analyzed with the same model, excluding the random effects. 
JW, =S,+FJ+r i ,+CG l  +b,ONWT l a r m  +b2ONAGE ! o t m  +b,OFFWT,„„ +b,FSm l  
^mk ^nk ^ijklmn 
where 
yijkimn = trait measured on the Ith pig that was in the nth litter and of the ith sex in the 
mth pen that contained the jth feeder type in the k'h contemporary group 
Si = fixed effect of the i'h sex 
Fj = fixed effect of the jth feeder type 
Yij = fixed effect of the interaction between the ith sex and the j'h feeder type 
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CGk = fixed effect of the kth contemporary group (based on on-test date) 
biONWTi orm - linear effect of the on-test body weight of the Ith pig or average on-test 
body weight of the mth pen for PADFI and PAFE. This effect was not fit for 
OFFBF and OFFLMA. 
b2ONAGEiorm = linear effect of the on-test age of the Ith pig or average on-test age of 
the m'h pen for PADFI and PAFE. This effect was not fit for OFFBF and 
OFFLMA. 
biOFFWTi or m = linear effect of the off-test body weight of the Ith pig or average off-
test body weight of the mth pen for PADFI and PAFE 
b4FSmk = linear effect of the floor space per pig of the mth pen in the kth contemporary 
group 
Pmic = effect of the mth pen in the kth contemporary group, assumed random with 
pmk ~n(o,<t2p). This effect was not fit for PADFI and PAFE. 
Lnk = effect of the n'h litter in the kth contemporary group, assumed random with 
lnk ~n(o,GI). This effect was not fit for PADFI and PAFE. 
Sijkimn = residual with £ljkimn -MX), a] ) 
Residual feed intake is defined as the difference between actual feed intake and feed 
intake predicted on the basis of production and maintenance requirements (Mrode and 
Kennedy, 1993) and is usually calculated as the residual in a model fit to average daily feed 
intake adjusted for OFFBF and ADG (Foster et al., 1983; Von Felde et al., 1996; Johnson et 
al., 1999). The effects of feeder type and sex on pen residual feed intake (PRFI) were 
analyzed by fitting the previous model in two steps to enable appropriate adjustments for 
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OFFBF and ADG. In the first step, PRFI was calculated as the residual in a linear fixed 
model fit to PADFI that included the effects of contemporary group, linear covariates of 
ONWT, ON AGE, OFFWT and FSmk, and linear covariates of pen mean ADG and DBF 
which were pre-adjusted for ONWT, ONAGE OFFWT, and FSmk (Mrode and Kennedy, 
1993). A model was then fit to PRFI that included the effects of sex, feeder type, and sex x 
feeder type interaction. 
Serially measured traits. Traits that were measured serially were BW, BF, LMA, pen 
daily feed intake per pig (PDFI), and pen feed efficiency (PFE). The experimental unit was 
pig for BW, BF, and LMA and was pen for PDFI and PFE. A random regression model was 
fit to the serial data using SAS (SAS Inst. Inc., Cary, NC) to model covariances between 
repeated records. The model included all of the effects from the model described previously, 
except the random effects and Lnk, but with the addition of fixed and random curves. A 
third order polynomial was fit for the fixed curve of BW, BF, and LMA and a second order 
polynomial was fit for PDFI and PFE. Interactions of the polynomial terms with sex, feeder 
type, and sex x feeder type interaction were also fit. A second order polynomial was fit for 
the random curve of BW, BF, and LMA and a first order polynomial was fit for PDFI and 
PFE. An unstructured covariance structure was fit for the random terms. The residual 
covariance matrix was assumed to have a homogeneous variance with no covariances. Fixed 
effects were dropped from the model sequentially by backward elimination. The first 
derivative of the fixed curves for each sex and feeder type combination for BW, BF, and 
LMA, along with the fixed curves for PDFI and PFE, were used to evaluate the effects of 
feeder type and sex. 
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Genetic analysis. The genetic correlation between growth performances of pigs fed 
using electronic or conventional feeders was estimated to detect genotype x feeder type 
interactions. Because of its importance, the analysis was done even though the number of 
observations was small for this type of analysis. The traits ADG, OFFBF, and OFFLMA 
were analyzed with an animal model using multiple-trait derivative-free REML procedures 
(MTDFREML; Boldman and Van Vleck, 1991; Boldman et al., 1993). A univariate analysis 
was done for each trait to estimate variance components to use as a basis for comparison with 
the bivariate analysis. The model included the fixed effects of sex, feeder type, sex x feeder 
type interaction, and contemporary group, linear covariates of OFFWT and floor space, and 
the random effects of pen, litter, and the additive genetic effect of pig. Linear covariates of 
ONWT and ON AGE were also fitted for ADG. The complete relationship matrix, based on 
pedigrees going back three generations, was used. A bivariate analysis was then done for 
each trait by considering performance on the two feeder types to be different genetic traits. 
Animals were not tested on both feeder types, but littermates were split between feeder types. 
The same effects were included in the model as were used in the univariate analysis except 
the effects of pen and litter were dropped because of convergence problems. 
Results and Discussion 
Whole test period traits 
Least squares means for the effects of sex, feeder type, and sex x feeder type 
interaction on performance traits measured over the whole test period are in Table 5.2. Pigs 
on electronic feeders used significantly (p < 0.05) less feed and as a result, had a higher feed 
efficiency and a lower residual feed intake than pigs on conventional feeders, but there were 
Table 5.2. Least squares means for the effects of feeder type, sex, and feeder type x sex interaction on traits3 measured over the 
whole test period __=_=____==^_=====_==_ 
Effect PADFI, PAFE, PRFI, ADG, OFFBF, OFFLMA, DBF, DLMA, 
kg/day gain/feed kg/day kg/day mm cm2 mm cm2 
Feeder type 
Electronic 2.17 + 0.02 0.367 ± 0.003 -0.033 ± 0.009 0.823 ±0.009 16.5 ±0.3 43.1 ±0.4 9.1 ±0.3 26.7 ±0.3 
Conventional 2.25 ±0.02 0.358 ±0.003 0.033 ±0.009 0.830 ±0.008 16.8 ±0.3 43.2 ±0.4 9.0 ±0.3 26.9 ±0.3 
p value 0.005 0.014 <0.0001 0.461 0.326 0.704 0.505 0.535 
Sex 
Boar 2.20 ±0.02 0.375 ± 0.003 -0.014 ± 0.009 0.854 ±0.008 16.2 ±0.4 41.6 ±0.4 8.7 ±0.3 25.9 ±0.3 
Gilt 2.22 ±0.02 0.350 ±0.003 0.014 ±0.009 0.800 ±0.009 17.0 ±0.3 44.7 ±0.4 9.4 ±0.3 27.6 ±0.3 
p  value 0.483 <0.0001 0.038 <0.0001 0.010 < 0.0001 0.012 < 0.0001 
Feeder type x sex 
Electronic, boar 2.18 ±0.02 0.381 ±0.003 -0.036 ±0.013 0.858 ±0.011 16.1 ±0.4 41.6 ±0.5 8.7 ±0.3 25.8 ±0.4 
Conventional, boar 2.22 ±0.02 0.368 ± 0.004 0.007 ±0.013 0.849 ±0.010 16.4 ±0.4 41.7 ±0.5 8.7 ±0.3 26.0 ±0.4 
Electronic, gilt 2.16 ±0.02 0.353 ± 0.004-0.029 ± 0.013 0.788 ±0.011 16.9 ±0.4 44.6 ±0.5 9.5 ±0.4 27.5 ±0.4 
Conventional, gilt 2.27 ±0.02 0.348 ±0.003 0.058 ±0.013 0.811 ±0.010 17.2 ±0.4 44.7 ±0.5 9.2 ±0.3 27.7 ±0.4 
p  value 0.116 0.219 0.110 0.060 0.940 0.929 0.714 0.840 
"PADFI = pen average daily feed intake per pig, PAFE = pen average feed efficiency, PRFI = pen residual feed intake, ADG = 
average daily gain, OFFBF and OFFLMA = off-test backfat thickness and loin muscle area, and DBF and DLMA = difference 
between on- and off-test backfat thickness and loin muscle area. 
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no significant differences for other traits. Similar results have been reported for electronic 
versus single-space (Hyun and Ellis, 2001, 2002) and two-space (Hyun et al., 1998) 
conventional feeders, except Hyun et al. (1998) found no differences in feed intake and 
efficiency. Hyun and Ellis (2001, 2002) compared feed intake recorded by the electronic 
feeder with feed put into single-space feeders and Hyun and Ellis (2001) suggested that 
differences in feed intake were caused by feed wastage or underestimation of feed intake by 
the electronic feeder (De Haer et al., 1992; McSweeny et al., 2001). In this study, feed use 
was measured as the amount put into both feeder types. As a result, differences in feed intake 
were not due to underestimation of feed intake by the electronic feeder, but could be due to 
differences in feed wastage. 
Boars had a significantly better feed efficiency, lower residual feed intake, grew 
faster, had less backfat and loin muscle area at off-test, and deposited less backfat and loin 
muscle over the whole test period than gilts, but the sexes were not different in feed intake 
(Table 5.2). Results were consistent with those of other studies (Bereskin, 1983; Bereskin 
and Steele, 1986; De Haer and De Vries, 1993a). 
The interaction between feeder type and sex was not significant for any trait but 
approached significance (P < 0.10) for ADG (Table 5.2). Gilts on electronic feeders grew 
slower (P = 0.067) than those on conventional feeders, whereas there were no significant 
differences between boars on the different feeder types. This result suggests that the 
electronic feeder limited growth in Yorkshire gilts but not in boars. 
Serially measured traits 
Fixed curves for feeder type and sex combinations are plotted in Figures 5.1 to 5.5 for 
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Figure 5.1. Pen daily feed intake curves for boars and gilts on electronic and conventional 
feeders. 
PDFI, daily BW gain, daily LMA gain, daily BF gain, and PFE. Gilts on electronic feeders 
used less feed than gilts on conventional feeders throughout the test period (Figure 5.1) and, 
as a result, daily BW gain was lower throughout most of the test period (Figure 5.2). This 
indicates that differences in feed intake were not only a result of differences in feed wastage, 
but feed intake limited growth in gilts on electronic feeders. Further evidence of this is 
provided by the daily LMA gain (Figure 5.3) and daily BF gain (Figure 5.4) curves. Gilts on 
electronic feeders deposited less LMA and BF during most of the test period. 
Performance differences between gilts on the two feeder types could be explained 
using the linear plateau model (Whittemore and Fawcett, 1976; De Greef and Verstegen, 
1995) that describes the relationship between energy intake and protein and lipid deposition 
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Figure 5.2. Daily body weight gain curves for boars and gilts on electronic and conventional 
feeders. 
(PD and LD). A linear increase in PD and LD occurs when energy intake increases above 
maintenance requirements, but PD plateaus when energy intake is greater than the amount 
needed to achieve maximum PD. It has been shown that feed intake capacity limits PD 
(linear portion of the model) during the growing period (Campbell et al., 1983, 1985b; 
Bikker et al., 1995; Eissen, 2000) and explains why a reduction in feed intake in gilts on 
electronic feeders led to a decrease in LMA and BF gain at the beginning of the experiment 
(Figures 5.3 and 5.4). It has also been shown that feed intake capacity generally is greater 
than the amount needed to achieve maximum PD (plateau portion of the model) toward the 
end of the growing period (Campbell et al., 1985a; Campbell and Tavemer, 1988; Eissen, 
2000). This explains why a reduction in feed intake at the end of the test period did not lead 
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Figure 5.3. Daily loin muscle area gain curves for boars and gilts on electronic and 
conventional feeders. 
to a decrease in LMA gain, but did result in a slight decrease in BF gain. In fact, gilts on 
electronic feeders grew faster and deposited more muscle at the end of the test period 
(Figures 5.2 and 5.3), which could be explained by the five day lag in BW (Table 5.1) seen in 
gilts on electronic feeders towards the end of the test period. They were in a different part of 
their growth curve where PD and daily BW gain were larger and LD was smaller. 
There was no difference between feeder types for boar curves for PDFI, daily BW 
gain, and daily LMA gain (Figures 5.1 to 5.3). Boars on electronic feeders deposited more 
BF at the beginning and less at end of the test period (Figure 5.4). The difference at the 
beginning could be explained by compensatory gain caused by decreased performance on the 
electronic feeders during the acclimation period (Table 5.1). This compensatory gain was not 
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Figure 5.4. Daily backfat thickness gain curves for boars and gilts on electronic and 
conventional feeders. 
realized in the gilts on electronic feeders because feed intake was limiting after the 
acclimation period. Boars on electronic feeders also deposited less BF at the end of the test 
period, which can be explained by the slight decrease in feed intake (Figure 5.1). Deposition 
of LMA was unaffected (Figure 5.3) because feed intake was probably not limiting PD and 
so a slight decrease in feed intake would not result in a change in LMA gain according to the 
linear plateau model, but would result in a decrease in BF gain. 
Pen feed efficiency was not different at the beginning of the test period, but was 
higher for both boars and gilts on electronic feeders at the end of the test period (Figure 5.5). 
This difference could be explained by the decreased feed intake in boars and gilts and by the 
increased growth rate in gilts at the end of the test period. 
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Figure 5.5. Pen feed efficiency curves for boars and gilts on electronic and conventional 
feeders. 
The effect of electronic feeders on performance became clearer when the analysis was 
done on the traits measured serially. Results from the analysis of the traits measured over the 
whole test period seemed to indicate that differences between feeder types in the traits related 
to feed intake were caused by differences in feed wastage because growth, fatness, and loin 
muscle area were not statistically different (Table 5.2). Gilts on electronic feeders grew 
slower, but that evidence was only suggestive. Analysis of the traits measured serially clearly 
indicated that performance of gilts on the electronic feeder was hindered and that differences 
were not only due to differences in feed wastage, but that the decreased feed intake hindered 
growth performance (Figures 5.1 to 5.4). More statistical differences were not found over the 
whole test period because no differences were found between boars on the feeder types and 
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differences between gilts changed throughout the test period and even intersected for most 
traits (Figures 5.1 to 5.4). This result indicates that measuring and analyzing traits serially 
can improve the understanding of the effects of a treatment that may otherwise not be clear 
when analyzed over a whole test period. 
Results indicate that gilt performance was hindered on electronic feeders but boar 
performance was not affected. The effects observed for gilts could be caused by increased 
competition for feeder space. Several indicators for a difference of the effects of increased 
competition on boars versus gilts were investigated to further explore this result. 
Hansen et al. (1982) reported that increased competition for feeder space increased 
the variance of ADG. When competition was increased, growth became more dependent on 
social hierarchy: more dominant pigs grew faster because they ate more and longer past 
satiation in the presence of other eating pigs (social facilitation) (Hsia and Wood-Gush, 
1984) which led to an increase in the variance of ADG (Hansen et al. 1982). To test if 
variances were different between pigs on the different feeder types, residuals from the 
appropriate model from the whole-test period analysis were analyzed for traits measured on 
individuals (ADG, OFFBF, OFFLMA, DBF, and DLMA). Variances of residuals for each 
sex and feeder type combination are listed in Table 5.3. There were no significant differences 
for any trait in either sex, although variances for ADG tended to be greater for electronic 
feeders. The increased competition induced by the electronic feeders did not result in an 
increase in the residual variances in either sex for any trait. 
Even though competition for feeding space was increased in pens with an electronic 
feeder, the full-length race provided protection while the pig was eating. When protection is 
not provided, a pig usually displaces an eating pig by pushing its way into the feeder, but 
I l l  
Table 5.3. Residual variances within each sex and feeder type combination from a model3 
that was fit to average daily gain (ADG), off-test backfat thickness (OFFBF) and loin muscle 
area (OFFLMA), and difference between on- and off-test backfat thickness (DBF) and loin 
muscle area (DLMA) 
ADG, OFFBF, OFFLMA, DBF, DLMA, 
(kg/day)2 mm2 (cm2)2 mm2 (cm2)2 
Boars 
Electronic 0.0066 4.4 7.9 3.1 5.7 
Conventional 0.0046 6.3 10.0 4.6 8.1 
p  valueb 0.10 0.10 0.20 0.07 0.11 
Gilts 
Electronic 0.0058 6.9 16.4 6.1 10.3 
Conventional 0.0044 9.8 15.1 7.7 12.8 
p  value 0.18 0.12 0.39 0.23 0.24 
"Model included the fixed effect contemporary group, the covariates off-test body weight 
and floor space per pig, and the random effects pen and litter within contemporary group. 
On-test age and body weight were also included for ADG, DBF, and DLMA. 
b p  value based on an f  test. 
when protection is provided on both sides, pigs may resort to rump biting (McBride et al., 
1964) or to tail biting (Hansen et al., 1982). Tail biting occurred infrequently in this 
experiment and the number of incidences was similar in the different feeder types. 
Although the electronic feeder induces competition that favors dominant pigs, 
research has shown that pigs adapt to obtain the food they need. Hansen et al. (1982) 
observed that lower ranking pigs reduced their activity when competition was increased and 
Nielsen et al. (1.995a, b) showed that pigs increased their rate of eating and eat more per visit 
when the number of pigs per feeder space is increased and when less protection is provided 
while eating. As a result of the pig's ability to adapt to the increased competition, Nielsen et 
al. (1995a,b) found no differences in performance traits when competition was increased. 
Results from our study suggest that boars on the electronic feeders adapted to the increased 
competition, but gilts did not. Diurnal distributions from the electronic data (A.M. Crock, 
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D.S. Casey, and J.C M. Dekkers, unpublished data) showed that boars on electronic feeders 
ate more and more frequently in the early morning hours than did gilts, possibly indicating 
the willingness of boars to achieve feed intake capacity outside of social facilitation. This 
suggestion is not conclusive because feeding behaviors were not measured on pigs fed using 
conventional feeders. Further research is needed to determine whether behavioral differences 
led to the effects of feeder type on performance of gilts that were observed in this study. 
Genetic analysis 
Estimates of variance components from the univariate and bivariate analyses of ADG, 
OFFBF, and OFFLMA are in Table 5.4. Variance component estimates from the bivariate 
analyses were similar to those from the univariate analyses. The random effects of pen and 
litter were not included in the bivariate analyses, but the proportion of total variance 
explained by these effects was low and ranged from 0.000 to 0.047 in the univariate analyses. 
Heritability estimates were considerably larger, especially for OFFBF and OFFLMA, than 
recent estimates from field data on U.S. Yorkshire pigs; Johnson et al. (2002) obtained 
estimates of 0.26, 0.65, and 0.39 for ADG, BF, and LMA, respectively, and Chen et al. 
(2002) obtained estimates of 0.48 and 0.33 for BF and LMA, respectively. Estimates of the 
genetic correlation between performances on electronic or conventional feeders were 1.00 for 
all traits. No evidence of a genotype x feeder type interaction was detected in this data set, 
but because the data size was limited, caution should be used when interpreting the genetic 
correlations. 
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Table 5.4. Variance component estimates for average daily gain (ADG), off-test backfat 
thickness (OFFBF), and off-test loin muscle area (OFFLMA) across feeder types and for 
performance on electronic versus conventional feeders 
Variance component ADG, 
(kg/day)2 
OFFBF, 
(mm)2 
OFFLMA, 
(cm")2 
Genetic variance 
across feeder types 0.003 11.1 18.1 
electronic feeder 0.003 8.2 20.8 
conventional feeder 0.003 13.7 17.2 
Environmental variance 
across feeder types 0.003 1.7 2.8 
electronic feeder 0.004 1.9 0.9 
conventional feeder 0.003 1.5 4.0 
Heritabilitv 
across feeder types 0.42 0.85 0.86 
electronic feeder 0.44 0.81 0.96 
conventional feeder 0.55 0.90 0.81 
Genetic correlation 
between feeder types 1.00 1.00 1.00 
Implications 
Electronic feeders are useful tools to measure feed intake on individual pigs housed in 
groups and are often used in breeding herds to improve traits related to feed intake. 
Investigation revealed that electronic feeders did not affect performance of males, but 
females on electronic feeders ate less than gilts on conventional feeders, which resulted in a 
decreased growth rate, backfat thickness gain, and loin muscle area gain. Further research is 
needed to understand the cause of this sex x feeder type interaction. A genotype x feeder type 
interaction was not detected in this data set, but more data is needed to fully evaluate this. 
The negative effect of the electronic feeder on females should be considered when using 
electronic feeders, but boars do not appear to be affected. 
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CHAPTER 6. AN EVALUATION OF STRATEGIES FOR COLLECTING FEED 
INTAKE DATA USING ELECTRONIC FEEDERS1 
A paper to be submitted to the Journal of Animal Science 
D. S. Casey2, F. Grignola, A. C. Clutter, and J. C. M. Dekkers3 
Abstract 
The cost of using electronic feeders to measure individual feed intake on group-
housed pigs requires testing strategies that increase the number of pigs tested per feeder per 
unit of time by using short test periods or by rotating groups of pigs on the electronic feeder. 
These strategies and other factors could, however, negatively affect data accuracy. The 
objectives of this study were to evaluate the impact of testing strategies, methods of 
assigning missing information, and other factors on data accuracy. Twelve weeks of 
complete feed intake data starting at 90 d of age from 166 pigs were used as a basis of 
comparison to evaluate the impact on data accuracy. Eighteen strategies were created which 
were defined by the number of pens tested per feeder, the number of periods with records, 
and the schedule of how the use of the electronic feeder was appropriated between the pens 
tested. The effects of 2,4, or 6 days of acclimation every time pigs started back on the 
electronic feeder, of 0, 25, or 50% additional missing daily feed intake (DFI) records, and of 
an increase in the SD of DFI by 5% were evaluated. Missing DFI records were assigned 
1 We would like to thank National Pork Board for providing the data used in this study. This 
study was supported by Hatch Act and State of Iowa funds of the Iowa Agriculture and 
Home Economics Experiment Station, Ames, LA, USA (Project No. 3456). 
2 Current address: PIC, 3033 Nashville Rd., Franklin, Kentucky 42134 
3 Correspondence: 225C Kildee Hall (phone: 515-294-7509; fax: 515-294-9150; E-mail: 
j dekkers @ iastate.edu) 
using linear regression of DFI from each pig on test day using a 1st and 2nd order polynomial 
or using estimates from a random regression model fit to data from all pigs within a strategy. 
The relationship between true and estimated DFI and average daily feed intake (ADFI) was 
evaluated based on correlation, bias, and the percentage of observations where the error was 
greater than 25 % of true DFI and 10% of true ADFI. Results showed that accuracy 
deteriorated as the number of pens per feeder increased or as the number of periods with 
records decreased, but not severely. The effect of acclimation, additional missing 
information, and an increase in the SD of DFI deteriorated accuracy for each strategy, but 
acclimation had a more negative impact on strategies that had more periods with records. The 
random regression model gave the most accurate results, especially when the amount of 
missing records increased or the length of the periods with missing records increased. In the 
worst case situation, i.e. 6 d acclimation period, 50% additional missing DFI, and a 5% 
increase in SD, accurate results (average correlation was 0.89, the average percent of 
observations where the error was greater than 10% of true ADFI was 25.9%, and the average 
bias was 2 g) were obtained when up to three pens were tested per feeder, but testing two 
pens is more practical for the industry. In conclusion, alternative testing strategies can be 
used to maximize the number of pigs evaluated per feeder with a minimal impact on data 
accuracy, but the best strategy will depend on the length of acclimation period. 
Introduction 
Improving the genetics of feed efficiency in pigs would result in economic 
improvements for producers. This is best accomplished by measuring individual feed intake 
on group-housed pigs because individually housed pigs eat more, grow faster, and are fatter 
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(De Haer and De Vries, 1993; De Haer and Merks, 1992), and pigs are housed in groups in 
commercial herds. Electronic feeders were designed to accomplish this task (De Haer et al., 
1992; Slader and Gregory, 1988), but these feeders are costly, which usually limits the 
number of pigs that can be evaluated. Strategies of collecting feed intake data could be used 
to maximize the number of pigs tested per feeder and to spread the cost of the feeder over 
more pigs. 
Several strategies of collecting feed intake data have been utilized. Two strategies 
alternated the use of an electronic feeder between two pens of pigs weekly (Roehe et al., 
1994; Schulze et al., 2002; Schulze et al., 2001; Von Felde et al., 1996) and every other week 
(Grignola et al., 2002). These strategies resulted in multiple periods with records throughout 
the test period. Brisbane (2002) proposed a strategy that would result in one period of about 
two weeks with records and all pigs would be tested in that period. Accuracy of estimating 
feed intake over the entire test period was shown to be negatively affected because of the 
missing information and the method of assigning that missing information (Brisbane, 2002; 
Eissen et al., 1999), but only a few strategies were evaluated in these studies. 
There are other factors that could negatively affect accuracy. Schulze et al. (2001) 
showed that pigs take 2 to 3 days to acclimate every time they start back on the electronic 
feeder. The amount of missing information will increase if acclimation is accounted for. Data 
from electronic feeders contain errors (Casey et al., 2003; De Haer et al., 1992; Eissen et al., 
1998), which results in additional missing information. Rotating groups of pigs on the feeder 
can also increase the SD of daily feed intake (DFI) (F. Grignola, Monsanto Company, 
unpublished data). All of these factors need to be further evaluated so that the number of pigs 
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tested per electronic feeder can be maximized while minimizing the impact on accuracy. 
Therefore, the objectives of this study were: 
1. To evaluate the impact of strategies for collecting feed intake data and models to 
assign missing information on data accuracy 
2. To further evaluate the impact of acclimation periods, additional missing information, 
and an increase in the SD of DFI on data accuracy 
Materials and Methods 
Data 
Data were provided by the National Pork Board and came from two experiments: the 
Maternal Line Evaluation Program (Goodwin and Boyd, 2000) and the Genetics of Lean 
Efficiency Program (Newcom et al., 2002). Feed intake data from 166 out of 753 pigs, which 
represented two sexes (barrows and gilts) and eight genetic lines, were used in this study. 
Pigs were selected if they had 84 days of feed intake records starting at 90 ± 4 d of age. 
These data were used to simulate a testing period that contained complete feed intake data 
that could then be used to compare strategies of collecting feed intake data. 
Feed intake data were collected using FIRE (Feed Intake Recording Equipment; 
Osborne Industries Inc., Osborne, Kansas) electronic feeders. The model proposed by Casey 
and Dekkers (2003a) was used to adjust DFI for errors. After adjustments were made, criteria 
were used to identify errors in DFI using the thresholds suggested by Casey and Dekkers 
(2003a). Records that surpassed the thresholds were replaced with a missing value. Estimates 
from a quadratic regression of DFI on test day for each animal were used to assign missing 
DFI records. A residual, randomly chosen from a normal distribution, was added to each of 
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these estimates to minimize the bias towards the quadratic model that will be used later to 
assign missing DFI records when evaluating the accuracy of alternate testing strategies. A 
12-week testing period starting at 90 ± 4 d of age was used as a typical test period for swine 
breeding companies. Daily feed intake records outside the 12-week test period were 
discarded. Feed intake traits in the final data set (SETL) were assumed to be the true values 
and were used as a basis of comparison to evaluate the impact of the strategies and the other 
factors on data accuracy. 
Strategies for collecting feed intake data 
Different testing strategies for feed intake were designed and simulated based on data 
from SETl. Strategies are listed in Table 6.1 and are defined by the number of pens tested 
per electronic feeder per test period of 12 weeks, the number of time periods with DFI 
records per pen, and how those periods are organized between the pens tested on the feeder. 
The minimum length of a period that was considered was one week. Data sets for each 
strategy were simulated from SETl by replacing DFI records with a missing value for days 
when the pen was not on the electronic feeder. A separate data set with data on 166 pigs was 
created for every pen within a strategy. It was assumed that there was a capacity of testing 
166 animals at one time. If the strategy tested two pens per feeder, then two data sets were 
created, totaling 332 animals. In each of these data sets, two days of acclimation were 
assumed every time a pen started back on the electronic feeder by replacing DFI with a 
missing value for the appropriate days. This was done because Schulze et al. (2001) showed 
that it takes pigs two days to acclimate. If two periods with feed intake records within a pen 
were adjacent in time, then the acclimation period was not created for the second period. For 
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Table 6.1. A list of strategies for collecting feed intake data using electronic feeders. 
Strategies are defined by the number of pens tested per electronic feeder, the number of 
periods with records, and the schedule of how the use of the electronic feeder is appropriated 
No. No. 
No. periods No. periods Weeks 
pens with pens with with 
Strategy3 tested records Weeks with records Strategy3 tested records records 
2.1.1.a 2 1 1-6 4.3. La" 4 3 1,5,9 
2.1.l.b 2 1 7-12 4.3.l.b* 4 3 2, 6, 10 
2.2. La* 2 2 1-3,7-9 4.3. Lc* 4 3 3 ,7 ,  11 
2.2.l.b* 2 2 4-6, 10-12 4.3.l.d* 4 3 4 ,8 ,12  
2.2.2.a* 2 2 1-3, 10-12 6.1.l.a 6 1 1-2 
2.2.2.b* 2 2 4-6, 7-9 6.1.l.b 6 1 3-4 
2.3. Î.a 2 3 1-2, 5-6, 9-10 6.1.1.C 6 1 5-6 
2.3.l.b* 2 3 3-4, 7-8, 11-12 6.1.l.d 6 1 7-8 
2.3.2.a 2 3 1-2, 3-4, 7-8 6.1.l.e 6 1 9-10 
2.3.2.b 2 3 5-6, 9-10, 11-12 6.1.l . f  6 1 11-12 
2.3.3.a* 2 3 1-2, 7-8,9-10 6.2. La 6 2 1,7 
2.3.3.b* 2 3 3-4, 5-6, 11-12 6.2. Lb 6 2 2 ,8  
2.6.1.a* 2 6 1,3,5,7,  9,  11 6.2. Lc 6 2 3,9 
2.6. l.b* 2 6 2 ,4 ,6 ,8 ,10 ,12  6.2. l.d 6 2 4, 10 
3.1.l.a 3 1 1-4 6.2. l.e 6 2 5,11 
3.1.l.b 3 1 5-8 6.2. l.f 6 2 6, 12 
3.1.1.C 3 1 9-12 6.2.2.a 6 2 1,12 
3.2.l.a 3 2 1-2, 7-8 6.2.2.b 6 2 2,11 
3.2. l.b 3 2 3-4, 9-10 6.2.2.c 6 2 3, 10 
3.2. Lc 3 2 5-6, 11-12 6.2.2.d 6 2 4,9 
3.2.2.a* 3 2 1-2,11-12 6.2.2.e 6 2 5 ,8  
3.2.2.b" 3 2 3-4, 9-10 6.2.2.f 6 2 6,7 
3.2.2.C* 3 2 5-6, 7-8 12.1.1.a 12 1 1 
3.4. l.a 3 4 1,4,  7,  10 12.1. l.b 12 1 2 
3.4.l.b 3 4 2 ,5 ,8 ,11  12.1.1.C 12 1 3 
3.4.1.C 3 4 3 ,6 ,9 ,12  12,1. l.d 12 1 4 
3.4.2.a* 3 4 1 ,6 ,7 ,12  12. l.l.e 12 1 5 
3.4.2.b* 3 4 2 ,5 ,8 ,11  12.1. l.f 12 1 6 
3.4.2.C* 3 4 3 ,4 ,9 ,10  12.1.1.g 12 1 7 
4.1.l.a 4 1 1-3 12.1.1.h 12 1 8 
4.1.l.b 4 1 4-6 12.1.l.i 12 1 9 . 
4.1.Lc 4 1 7-9 12.1.1.j 12 1 10 
4.1.1.d 4 1 10-12 12. 1 .1 .k 12 1 11 
12.1.1.1 12 1 12 
"Strategy = No. pens tested. No. periods with records. Schedule. Pen within a strategy. 
Strategies used in the evaluation of the less than ideal situations. 
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example, strategy 3.2.2.c had measurements during weeks 5-6 and 7-8 so an acclimation 
period was not created for week 7. Some of the strategies were designed to minimize the 
number of switches that are made between pens. The strategies with two days of acclimation 
will be referred to as the ideal situation. 
Models to assign missing DFI records 
Ordinary polynomials (Eissen et al., 1999; Grignola et al., 2002; Kanis and Koops, 
1990; Schulze et al., 2002), non-linear models (Eissen et al., 1999; Kanis and Koops, 1990), 
and random regression models (Andersen and Pedersen, 1996; Casey and Dekkers, 2003b; 
Schnyder et al., 2001) have been used to model the trajectory of feed intake over time. 
Polynomials and a non-linear model have been used to assign missing DFI records which 
were used to estimate average DFI over a test period (Eissen et al., 1999; Grignola et al., 
2002), but random regression models have not been used for this purpose. A benefit of using 
the random regression model is that it uses information from all pigs to estimate DFI, 
whereas the polynomial and non-linear models only use information from the animal itself. 
To assign data for days with missing DFI in the simulated data sets, first and second 
order polynomials were fit to data from each pig and a random regression model was fit to 
data from all pigs within a strategy by regressing DFI on test day. Higher order polynomials 
and non-linear models were not used because of results from the quadratic model in the 
current study that will be presented later and because Eissen et al. (1999) and Grignola et al. 
(2002) found that lower order polynomials had better results than higher order polynomials 
and non-linear models. The random regression model included a 3rd order polynomial for the 
fixed curve for each sex and breed combination and a 1st order polynomial for the random 
curve for each pig. The random coefficients and the residuals were assumed to be normally 
distributed. Variances and the covariances of the random coefficients were estimated from 
SETl using REML procedures from SETl and were fixed when the model was fit to the data 
from each strategy. A constant residual variance was assumed which is consistent with the 
literature (Andersen and Pedersen, 1996; Casey and Dekkers, 2003b; Schnyder et al., 2001). 
The estimated DFI from each model was used to assign days with missing DFI records for 
each simulated data set. 
Evaluation of traits 
The accuracy of estimating DFI and average daily feed intake (ADFI) was evaluated 
in three ways: 1) the correlation between the true and estimated trait value for each model 
and pen within a strategy; 2) bias, and 3) the percentage of observations where the error was 
greater than 25 % of true DFI and 10% of true ADFI. The thresholds used were chosen to 
detect estimates that were not relatively close to the true value. 
Impact of other factors 
A few select strategies and models were used to further evaluate additional factors 
that could impact data accuracy. The strategies used are indicated with an asterisk in Table 
6.1 and were chosen based on positive results in the ideal situation that will be presented 
later. More strategies that included two pens per feeder were chosen because these are more 
practical strategies to implement. 
The effect of different acclimation periods every time a pen started back on the 
electronic feeder was evaluated because the length of acclimation period is not clear from the 
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literature. Two days of acclimation were used in the ideal situation based on results reported 
by Schulze et al. (2001), but there was some evidence in that study that there were three days 
of acclimation. Grignola et al. (2002) assumed three days of acclimation in their study, but 
further analysis of those data showed that it could take up to five days for pigs to acclimate 
back to the feeder (A.C. Clutter, Monsanto Company, unpublished data). To evaluate the 
effect of acclimation on data accuracy, acclimation periods were created by deleting the first 
2, 4, or 6 days of data every time a pen started back on the electronic feeder. 
In the ideal situation it was assumed that observed DFI were measured accurately, but 
it is well known that data from electronic feeders contain errors (Casey et al., 2003; De Haer 
et al., 1992; Eissen et al., 1998). Eissen et al. (1999) proposed that DFI records that contain 
visits with errors should be deleted. This method of editing would result in an additional 17 
to 50% missing DFI records (Casey et al., 2003). To evaluate the effect of additional missing 
DFI records, missing records were created by randomly deleting 25 or 50% of the DFI 
records. 
Unpublished data (F. Grignola, Monsanto Company, unpublished data) show that 
alternating two pens on a single electronic feeder once every two weeks can increase the SD 
of DFI by 5%. To evaluate the impact of this effect on data accuracy, an increase of 5% was 
created by adding a random residual, drawn from a normal distribution, to each DFI record in 
SETl. For the random regression model, variance components were re-estimated from SETl 
and fixed when the model was fit to the data from the simulated strategies. 
The effects of acclimation, additional missing information, and an increase in the SD 
of DFI were evaluated separately, but it is likely that these effects occur simultaneously. To 
evaluate the impact on data accuracy in the worst situation, the combined effects of six days 
of acclimation, 50% of additional missing DFI records, and an increase of 5% in the SD of 
DFI was simulated. Under this scenario 1,3, 1,5, 20, 27,20, and 27 pigs had no data 
remaining in strategies 2.6.1.a, 2.6.l.b, 3.4.2.a, 3.4.2.b, 4.3.l.a, 4.3.l.b, 4.3.l.e, and 4.3.l.d, 
respectively. Daily feed intake could not be estimated for these pigs using the linear 
regression, but could be estimated using the fixed curve from the random regression. As a 
result, these pigs were not considered when evaluating the data accuracy for the linear 
regression, but were considered for the random regression. 
All statistical modeling, calculations, and data manipulation were done using SAS 
(SAS Institute Inc., 1999). 
Results and Discussion 
Ideal situation 
The impact of strategies for collecting feed intake data and models to assign missing 
DFI on data accuracy in the ideal situation is summarized in Figures 6.1 to 6.5. Accuracy 
values were averaged over pens within a strategy and only results from the best strategy 
within the number of pens and number of periods with records for each model are shown to 
summarize results. Error bars show the minimum and maximum accuracy for pens within a 
strategy. Bias was shown only for DFI, but not for ADFI because the biases from these two 
traits were equivalent. This happened because each pig had exactly 84 DFI records. A 
complete list of the results is on the compact disk that accompanies this dissertation. Similar 
trends were found for the three ways data accuracy was evaluated. As expected, the more 
pens tested per electronic feeder, the lower the accuracy, but the decrease in accuracy was 
not very severe. Results indicate that up to four pens could be tested per feeder and still result 
in an accurate estimate of ADFI (for strategy 4.3.1 using the random regression model the 
average correlation was 0.94, the average percent of observations where the error was greater 
than 10% of true ADFI was 12.8%, and the average bias was 5 g). As the number of periods 
with records increased, accuracy improved, which indicates that better results are obtained 
when records are more spread out over the test period. However, these strategies require 
more switching between pens, which increases labor and could result in lower accuracy if 
acclimation periods are longer than two days. This will be evaluated later. 
Random regression resulted in the most accurate results (Figures 6.1 to 6.5). The 
difference between models for assigning missing DFI was more pronounced as the number of 
pens per feeder increased and as the number of periods with records decreased. The linear 
model gave more accurate results than the quadratic model, which is consistent with results 
reported in the literature (Eissen et al., 1999; Grignola et al., 2002). The strength of random 
regression was shown when there was more missing information or when there were 
extended periods of missing information. In cases with few pens tested per feeder and more 
periods with records, little difference in accuracy was found between models. 
Two other studies were found that evaluated the impact of strategies of collecting 
feed intake data on data accuracy (Brisbane, 2002; Eissen et al., 1999). Eissen et al. (1999) 
evaluated accuracy when individual quarters and combinations of two quarters of the test 
period were missing. This information could be combined so that results could be 
comparable to strategies 2.1.1, 2.2.1, and 2.2.2 in the current study. They reported that the 
correlation between true and estimated ADFI was 0.76, 0.91, and 0.79 (based on graphs) for 
strategies 2.1.1, 2.2.1, and 2.2.2 when the linear model was used to assign missing DFI 
records. Correlations for these strategies in the current study were consistently larger at 0.86, 
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0.97, and 0.97, respectively (Figure 6.2), but the reason for this was not clear. Brisbane 
(2002) found that the correlation between true and estimated cumulated feed intake was 0.71 
to 0.91 when different periods with records were combined. These results are not directly 
comparable to the current study because their periods were defined as a live weight range, 
whereas ours were based on a fixed time and age range. 
Effect of acclimation 
The 1st order polynomial and the random regression model were used to assign 
missing DFI records in the situations where the effects of acclimation, additional missing 
information, an increase in the SD of DFI, and the worst situation were evaluated. The 
quadratic regression was not used because it consistently resulted in less accurate results in 
the ideal situation (Figures 6.1 to 6.5). 
The impact of different acclimation periods when a pen started back on an electronic 
feeder on data accuracy is summarized in Figures 6.6 to 6.10. The format of these figures is 
the same as before except that results are from all of the strategies used in this evaluation. 
Similar trends were found for the three ways data accuracy was evaluated. As expected, as 
the length of the acclimation period increased, the accuracy of estimated DFI and ADFI 
deteriorated and this became more pronounced as the number of pens tested per feeder 
increased and as the number of periods with data increased. Differences between the random 
regression and linear regression models also became more pronounced as the acclimation 
period increased, especially when three or more pens were tested per feeder. Having more 
periods with records was beneficial in the ideal situation, but was detrimental when 
acclimation was longer than two days. Results from the strategies that involved two pens 
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indicate that there is an optimum balance between spreading out of the data over the test 
period and the effect of acclimation period. This is consistent with the recommendations 
made by Schulze et al. (2001). 
It is important to note that the evaluation of the effect of acclimation did not attempt 
to evaluate the length of acclimation, but the effect on data accuracy given a length of 
acclimation. Two studies have attempted to quantify the length of acclimation (A.C. Clutter, 
Monsanto Company, unpublished data; Schulze et al., 2001), and several others have 
assumed levels of acclimation (Grignola et al., 2002; Schulze et al., 2002), but it is not clear 
what the length of the period is and more research is needed. 
Acclimation to electronic feeders at the beginning of an experiment is an effect that 
was not accounted for in this study, but must be considered when implementing a strategy. 
Many studies allow pigs to acclimate for one week at the start of the test period (Brisbane, 
2002; Casey and Dekkers, 2003b; Schnyder et al., 2001), but no studies were found that 
attempted to quantify the length of this beginning acclimation period. Performance appears to 
be negatively affected during this period (Casey and Dekkers, 2003b). Because of this 
acclimation, strategies that test four or more pens per feeder would not be practical. 
Effect of additional missing data 
The impact of additional missing DFI records on data accuracy is summarized in 
Figures 6.11 to 6.15. Similar trends were found for the three ways data accuracy was 
evaluated. As expected, as the percentage of additional missing days increased, accuracy 
deteriorated, but the strategies were equally affected. Random regression resulted in the most 
accurate results, but the difference between the models did not seem to increase as the 
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number of missing days increased. These results indicate that different amounts of missing 
information will not affect the decision on which strategy or model to use. 
The key objective should obviously be to minimize the amount of additional missing 
information to maximize accuracy. One way to reduce the amount of missing DFI is to use 
the editing method developed by Casey and Dekkers (2003a) that corrects DFI for errors 
instead of replacing those records with a missing value, as suggested by Eissen et al. (1999) 
and assumed in the current study. Data quality is especially important when using a feeder to 
test multiple pens, as noted by Eissen et al. (1999) and Grignola et al. (2002). Monitoring the 
data closely during the test period will also help ensure proper functioning of the feeder and 
reduce the amount of additional missing information. 
Effect of an increase in the SD of DFI 
The impact of an increase in the SD of DFI on data accuracy is summarized in 
Figures 6.16 to 6.20. Similar trends were found for the three ways data accuracy was 
evaluated. As the SD of DFI increased, accuracy deteriorated for DFI, but ADFI was 
affected very little. The deterioration in accuracy affected all strategies equally. Random 
regression had the best results, but the difference between the models was not increased as 
the SD increased. Results indicate that increasing the SD of DFI will not impact the decision 
on which strategy will be used. 
The effect of an increase in SD of DFI has not been well studied nor is well 
understood. In fact, Schulze et al. (2001) did not find an increase in the SD of DFI when two 
pens were tested per feeder. The increase in the SD of DFI found by F. Grignola (Monsanto 
Company, unpublished data) could be explained by differences in feeding behavior when 
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pigs alternate between electronic and conventional feeders (Schulze et al., 2001). More 
research needs to be done to understand if and why SD of DFI is increased. 
Combined impact of other factors 
The impact of the worst situation, which included six days of acclimation, 50% 
additional missing DFI records, and an increase of 5% in the SD of DFI, on data accuracy is 
summarized in Figures 6.21 to 6.25. Similar trends were found for the three ways data 
accuracy was evaluated. Accuracy deteriorated considerably in the worst situation when 
compared to the ideal situation and deteriorated as the number of pens increased and the 
number of periods with records increased. Random regression gave the best results and the 
difference between the models increased as the number of pens and the number of periods 
with records increased. Results indicate that having more periods with data is detrimental to 
accuracy, which is opposite to the conclusion made from the ideal situation, but is similar to 
the conclusion made from the effect of acclimation. This result appears to be driven by the 
effect of acclimation, which indicates that there is an optimal balance between the number of 
periods with records and the effect of acclimation. 
General discussion 
In this study the strategies were designed for an all-in all-out system, where pigs are 
tested in the same room over a fixed time period and over a specific age range. This is the 
method of testing that is most commonly used in the industry, but a different strategy was 
proposed by Brisbane (2002) that would also maximize the number of pigs measured per 
feeder. He proposed measuring feed intake in a 10 kg live weight increment and using this to 
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predict cumulative feed intake over the entire test period. To maintain the all-in all-out 
system, which is optimal for health reasons, pigs would have to be moved to several rooms 
throughout the test period, which could negatively affect performance. Also, testing pigs over 
a specific weight range would increase the length of time a room is used, especially if 
multiple genetic lines that differ in growth rate were tested at the same time. This would 
increase overhead costs. 
In this study, the trajectory of feed intake over time was modeled to assign missing 
DFI records, but other methods have been used. Brisbane (2002) utilized the relationship 
between feed intake from a short increment in time (about two weeks) and from the entire 
test period to predict overall feed intake when only the increment is measured. Kanis (1990) 
estimated cumulative feed intake in the missing period using regression that included 
cumulative feed intake and number of days in the known period, age and weight at on-test, 
and weight gain in the known and unknown period. This method requires that body weight be 
measured when pigs change feeder types, which was not available in the data set used in this 
study. Schulze et al. (2001) did not attempt to assign missing information, but used ADFI 
from the known data as an estimate of ADFI over the entire test period. This estimate could 
be biased depending on whether the pigs started on the electronic feeder or on the 
conventional feeder (Grignola et al., 2002). 
A unique aspect of this study is the use of the random regression model to assign 
missing DFI records. Random regression models have been used to study the genetic aspects 
of performance trait curves (Hassen et al., 2003; Huisman et al., 2002; Veerkamp et al., 
2001) and to evaluate treatment differences (Casey and Dekkers, 2003b; Coffey et al., 2002; 
Marinacci et al., 2001). No studies were found that used random regression models to assign 
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missing DFI records. It was appealing to apply this model to data from strategies because 
there were records throughout the entire test period, within a strategy, from which estimates 
of the fixed curves could be obtained, even though there were many records missing within 
each pig. This is best demonstrated when the model was used in the strategy that tested 12 
pens per feeder (Figures 6.1 to 6.5). For each pig, twelve weeks of feed intake data was 
estimated from five days of information and still resulted in relatively accurate results for 
ADFI (the average correlation was 0.82, the average percent of observations where the error 
was greater than 10% of true ADFI was 36.3%, and the average bias was 7 g). Implementing 
this model was not difficult using SAS (SAS Institute Inc., 1999), especially if variance 
components were estimated in a complete data set and then fixed when applied to data from 
the strategies. 
There is a practical issue that must be considered before the number of pens tested per 
feeder is chosen. Results showed that even in the worst situation, three pens per feeder could 
be measured accurately (Figures 6.21 to 6.25). To implement this strategy, pigs would have 
to change pens during the test period or major design changes would need to be made that 
would allow a feeder to be used by three pens without moving pigs to a different pen. 
Moving pigs to a different environment causes stress and affects performance, which makes 
testing three pens per feeder undesirable. It would be relatively easy to place a feeder 
between two pens and redesign the dividing gate to swing so that adjacent pens could be 
tested on the same feeder without having to move the pigs. As a result, strategies that involve 
testing two pens per feeder would be the most practical to implement. 
Another practical issue that must be considered is the effect of these strategies on 
performance. It has been shown that pigs tested using strategies 2.3.1 and 2.6.1 had lower 
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DFI, growth rate, feed conversion ratio, and changed feeding behavior traits, but had no 
change in backfat thickness (Grignola et al., 2002; Schulze et al., 2001). This effect on 
performance is not well understood at this time and further research is needed. 
Implications 
Electronic feeders are useful tools to measure individual feed intake on group-housed 
pigs, but the cost usually limits the number of pigs that can be evaluated. Several strategies of 
collecting feed intake data can be used to increase the number of pigs tested per feeder with a 
minimal impact on data accuracy. In ideal conditions, four times as many pigs could be 
tested and still result in an accurate estimate of average daily feed intake (correlation = 0.94). 
Even in the worst situation, twice as many pigs could be tested and still result in an accurate 
estimate of average daily feed intake (correlation = 0.94). Testing two pens of pigs per 
electronic feeder is recommended because it is the most practical strategy to implement. 
Assignment of missing information was best accomplished with the random regression 
model, especially as the amount of missing records increased or the length of periods with 
missing records increased. Results from this study could also be applied to the use of 
electronic feeders designed for other species. 
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Figure 6.1. Correlation between true and estimated daily feed intake averaged between pens within strategies of collecting feed 
intake data after using random regression, linear regression, and quadratic regression to assign missing daily feed intake records 
in an ideal situation that had 2 d of acclimation, no additional missing information, and no increase in the SD of daily feed 
intake. Error bars represent the minimum and maximum correlation for pens within a strategy. 
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Figure 6.2. Correlation between true and estimated average daily feed intake averaged between pens within strategies of 
collecting feed intake data after using random regression, linear regression, and quadratic regression to assign missing daily 
feed intake records in an ideal situation that had 2 d of acclimation, no additional missing information, and no increase in the 
SD of daily feed intake. Error bars represent the minimum and maximum correlation for pens within a strategy. 
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Figure 6.3. Percentage of observations where the error was greater than 25% of true daily feed intake averaged over pens 
within a strategy of collecting feed intake data after using random regression, linear regression, and quadratic regression to 
assign missing daily feed intake records in an ideal situation that had 2 d of acclimation, no additional missing information, and 
no increase in the SD of daily feed intake. Error bars represent the minimum and maximum percentage for pens within a 
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Figure 6.5. Bias of estimates of daily feed intake averaged between pens within strategies of collecting feed intake data after 
using random regression, linear regression, and quadratic regression to assign missing daily feed intake records in an ideal 
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Figure 6.6. Correlation between true and estimated daily feed intake averaged between pens within selected strategies of 
collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in a 
situation with 2,4, or 6 days of acclimation each time a pen started back on the electronic feeder, no additional missing 
information, and no increase in the SD of daily feed intake. Error bars represent the minimum and maximum correlation for 
pens within a strategy. 
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Figure 6.7. Correlation between true and estimated average daily feed intake averaged between pens within selected strategies 
of collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in a 
situation with 2,4, or 6 days of acclimation each time a pen started back on the electronic feeder, no additional missing 
information, and no increase in the SD of daily feed intake. Error bars represent the minimum and maximum correlation for 
pens within a strategy. 
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Figure 6.8. Percentage of observations where the error was greater than 25% of true daily feed intake averaged between pens 
within selected strategies of collecting feed intake data after using random regression and linear regression to assign missing 
daily feed intake records in a situation with 2,4, or 6 days of acclimation each time a pen started back on the electronic feeder, 
no additional missing information, and no increase in the SD of daily feed intake. Error bars represent the minimum and 
maximum percentage for pens within a strategy. 
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Figure 6.9. Percentage of observations where the error was greater than 10% of true average daily feed intake averaged betweer 
pens within selected strategies of collecting feed intake data after using random regression and linear regression to assign 
missing daily feed intake records in a situation with 2,4, or 6 days of acclimation each time a pen started back on the electronic 
feeder, no additional missing information, and no increase in the SD of daily feed intake. Error bars represent the minimum and 
maximum percentage for pens within a strategy. 
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Figure 6.10. Bias of the estimates of daily feed intake averaged between pens within selected strategies of collecting feed intake 
data after using random regression and linear regression to assign missing daily feed intake records in a situation with 2,4, or 6 
days of acclimation each time a pen started back on the electronic feeder, no additional missing information, and no increase in 
the SD of daily feed intake. Error bars represent the minimum and maximum bias for pens within a strategy. 
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Figure 6.11. Correlation between true and estimated daily feed intake averaged between pens within selected strategies of 
collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in a 
situation with 0,25, or 50% additional missing daily feed intake records, 2 d of acclimation, and no increase in the SD of daily 
feed intake. Error bars represent the minimum and maximum correlation for pens within a strategy. 
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Figure 6.12. Correlation between true and estimated average daily feed intake averaged between pens within selected strategies 
of collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in a 
situation with 0, 25, or 50% additional missing daily feed intake records, 2 d of acclimation, and no increase in the SD of daily 
feed intake. Error bars represent the minimum and maximum correlation for pens within a strategy. 
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Figure 6.13. Percentage of observations where the error was greater than 25% of true daily feed intake averaged between pens 
within selected strategies of collecting feed intake data after using random regression and linear regression to assign missing 
daily feed intake records in a situation with 0,25, or 50% additional missing daily feed intake records, 2 d of acclimation, and 
no increase in the SD of daily feed intake. Error bars represent the minimum and maximum percentage for pens within a 
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Figure 6.14. Percentage of observations where the error was greater than 10% of true average daily feed intake averaged 
between pens within selected strategies of collecting feed intake data after using random regression and linear regression to 
assign missing daily feed intake records in a situation with 0, 25, or 50% additional missing daily feed intake records, 2 d of 
acclimation, and no increase in the SD of daily feed intake. Error bars represent the minimum and maximum percentage for 
pens within a strategy. 
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Figure 6.15. Bias of the estimates of daily feed intake averaged between pens within selected strategies of collecting feed intake 
data after using random regression and linear regression to assign missing daily feed intake records in a situation with 0, 25, or 
50% additional missing daily feed intake records, 2 d of acclimation, and no increase in the SD of daily feed intake. Error bars 
represent the minimum and maximum bias for pens within a strategy. 
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Figure 6.16. Correlation between true and estimated daily feed intake averaged between pens within selected strategies of 
collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in a 
situation with no increase or an increase of 5% in the SD of daily feed intake, 2 d of acclimation, and no additional missing 
information. Error bars represent the minimum and maximum correlation for pens within a strategy. 
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Figure 6.17. Correlation between true and estimated average daily feed intake averaged between pens within selected strategies 
of collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in a 
situation with no increase or an increase of 5% in the SD of daily feed intake, 2 d of acclimation, and no additional missing 
information. Error bars represent the minimum and maximum correlation for pens within a strategy. 
I 
1 
I 
I 
1 
1 
I 
! 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
à  
I 1 
I 
I 
i 
MI 
i 
§ 
I 
I • I 
i 
I 
1 
I 
i 
1 
I 
1 
i I I 
1 
i i 
I 
1 
i 
I 
I 
I 
I 
i 
1 
S No increase, random regression • No increase, linear regression 
@5% increase, random regression • 5% increase, linear regression 
100 
90 
80 
70 
60 |
g 50 I 
40 
30 
20 
10 
0 
2.2.1 2.2.2 2.3.1 2.3.3 2.6.1 3.2.2 3.4.2 4.3.1 
Strategy (No. pens. No. periods with records. Schedule) 
Figure 6.18. Percentage of observations where the error was greater than 25% of true daily feed intake averaged between pens 
within selected strategies of collecting feed intake data after using random regression and linear regression to assign missing 
daily feed intake records in a situation with no increase or an increase of 5% in the SD of daily feed intake, 2 d of acclimation, 
and no additional missing information. Error bars represent the minimum and maximum percentage for pens within a strategy. 
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Figure 6.19. Percentage of observations where the error was greater than 10% of true average daily feed intake averaged 
between pens within selected strategies of collecting feed intake data after using random regression and linear regression to 
assign missing daily feed intake records in a situation with no increase or an increase of 5% in the SD of daily feed intake, 2 d 
of acclimation, and no additional missing information. Error bars represent the minimum and maximum percentage for pens 
within a strategy. 
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Figure 6.20. Bias of the estimates of daily feed intake averaged between pens within selected strategies of collecting feed intake 
data after using random regression and linear regression to assign missing daily feed intake records in a situation with no 
increase or an increase of 5% in the SD of daily feed intake, 2 d of acclimation, and no additional missing information. Error 
bars represent the minimum and maximum bias for pens within a strategy. 
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Figure 6.21. Correlation between true and estimated daily feed intake averaged between pens within selected strategies of 
collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in the 
ideal situation (2 d of acclimation, no additional missing information, and no increase in the SD of daily feed intake) or the 
worst situation (6 d of acclimation, 50% additional missing information, and an increase of 5% in the SD of daily feed intake). 
Error bars represent the minimum and maximum correlation for pens within a strategy. 
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Figure 6.22. Correlation between true and estimated average daily feed intake averaged between pens within selected strategies 
of collecting feed intake data after using random regression and linear regression to assign missing daily feed intake records in 
the ideal situation (2 d of acclimation, no additional missing information, and no increase in the SD of daily feed intake) or the 
worst situation (6 d of acclimation, 50% additional missing information, and an increase of 5% in the SD of daily feed intake). 
Error bars represent the minimum and maximum correlation for pens within a strategy. 
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Figure 6.23. Percentage of observations where the error was greater than 25% of true daily feed intake averaged between pens 
within selected strategies of collecting feed intake data after using random regression and linear regression to assign missing 
daily feed intake records in the ideal situation (2 d of acclimation, no additional missing information, and no increase in the SD 
of daily feed intake) or the worst situation (6 d of acclimation, 50% additional missing information, and an increase of 5% in 
the SD of daily feed intake). Error bars represent the minimum and maximum percentage for pens within a strategy. 
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Figure 6.24. Percentage of observations where the error was greater than 10% of true average daily feed intake averaged 
between pens within selected strategies of collecting feed intake data after using random regression and linear regression to 
assign missing daily feed intake records in the ideal situation (2 d of acclimation, no additional missing information, and no 
increase in the SD of daily feed intake) or the worst situation (6 d of acclimation, 50% additional missing information, and an 
increase of 5% in the SD of daily feed intake). Error bars represent the minimum and maximum percentage for pens within a 
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Figure 6.25. Bias of the estimates of daily feed intake averaged between pens within selected strategies of collecting feed intake 
data after using random regression and linear regression to assign missing daily feed intake records in the ideal situation (2 d of 
acclimation, no additional missing information, and no increase in the SD of daily feed intake) or the worst situation (6 d of 
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CHAPTER 7. GENERAL CONCLUSIONS AND DISCUSSION 
Summary 
Advantages and disadvantages of using electronic swine feeders 
Electronic swine feeders are useful to measure individual feed intake on group-
housed pigs and have been used in research and genetic nucleus herds to study or improve 
traits related to feed intake. There are many advantages of using electronic feeders, but there 
are also disadvantages that have led to the question, "Should electronic feeders be used?" In 
research herds, the answer to this question depends on how important the information is to 
the researcher, but in breeding companies it is a function of the economic gains, which are 
dependent on the advantages and disadvantages. 
The advantage of using electronic swine feeders is that many traits related to feed 
intake are measured automatically on individual pigs housed in groups. Feed efficiency is the 
trait of most interest because of its economic importance to the swine industry. Most 
improvement in feed efficiency has been made indirectly by selecting on lean growth rate 
(Cleveland et al., 1983; McPhee et al., 1988; Sather and Fredeen, 1978). As leanness 
approaches optimum levels, electronic feeders can be used to obtain feed efficiency on 
individuals. In addition to measuring feed efficiency, feeding behavior traits are recorded by 
the feeders and can be used to improve the accuracy of selection for the efficiency of lean 
growth (Hall et al., 1999). Traits are often measured over an entire test period, but electronic 
feeders measure each visit to the feeder so curves for the traits related to feed intake can be 
obtained. As a result, selection can be applied to curve parameters to change the shape of the 
curve (Schnyder et al., 2001; Schulze et al., 2002). Another benefit of using the feeder is that 
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the potential genotype x housing system interaction between individually and group-housed 
pigs (De Haer and De Vries, 1993; De Haer and Merks, 1992) is avoided. These advantages 
can result in significant economic benefits for breeding companies, mainly through the 
improvement of feed efficiency. 
There are several disadvantages or potential disadvantages that need to be considered 
when using electronic swine feeders. Operating these feeders properly takes time and 
requires highly trained personnel. Also, data sets from these feeders are large and contain 
substantial numbers of errors (De Haer et al., 1992; Eissen et al., 1998) that affect the 
accuracy of estimating feed intake over the entire test period (Eissen et al., 1999). Identifying 
and correcting errors needs to be done but can be time consuming. There are also design 
differences between electronic feeders and conventional feeders that are used in commercial 
herds that could cause performance differences. This potential genotype x feeder type 
interaction may reduce the amount of genetic progress in genetic nucleus herds that is 
realized at the commercial level. Another disadvantage of electronic feeders is the cost, 
which usually limits the number of feeders that are purchased. It would cost approximately 
$31 per pig to measure feed intake (assuming the feeder cost $10,000 that was depreciated 
over seven years, an employee, making $30,000 per year, could operate 70 feeders, and 60 
pigs measured annually per feeder, which is four groups of 15 pigs tested per year). Because 
of the cost, it is only feasible to use these feeders in genetic or research herds. The 
disadvantages of using electronic feeders are significant enough to justify the time needed to 
answer the question, "Should electronic feeders be used?" The research reported in this 
dissertation attempted to address many of the potential disadvantages of using electronic 
164 
feeders so that breeding companies and researchers could be more informed when answering 
this question. 
Errors in data from electronic feeders 
The first disadvantage of using electronic swine feeders that was addressed in this 
research was the issue of how to handle errors in the data. A comprehensive editing method 
was developed that utilized 16 criteria to identify errors in visits from FERE (Feed Intake 
Recording Equipment, Osborne Industries Inc., Osborne, Kansas) electronic feeders (Chapter 
2). A linear model was then used to adjust daily feed intake for the combined effect of errors 
on error-free daily feed intake (Chapter 3). The ability of this editing method to accurately 
estimate average daily (ADFI) and daily feed intake (DFI) was compared to other methods 
of editing (Chapter 4). 
A substantial number of errors have been identified when criteria were used to 
identify errors in visits (De Haer et al., 1992; Eissen et al., 1998; McDonald and Nienaber, 
1994; McDonald et al., 1991; Nienaber et al., 1990) and in DFI records (Brisbane, 2002; 
Schulze et al., 2002). The most comprehensive criteria to identify errors were developed for 
data from IVOG (Insentec, Marknesse, the Netherlands) electronic feeders (Eissen et al., 
1998). Software provided with FIRE electronic feeders, which are predominately used in 
North America, uses four criteria by default to filter errors. More comprehensive criteria 
were needed and were developed to identify errors in visits from FIRE feeders (Chapter 2). 
Sixteen criteria were used to identify errors in three experiments. A substantial 
number of errors were found in all three data sets, but the percentage of visits with errors 
varied considerably between experiments (4.3 to 18.7%). Errors relating to the weight of the 
feed trough were more common than those relating to time. Some error types occurred 
infrequently and probably should be disregarded. Criteria could be improved by using age 
dependent criteria (Nienaber et al., 1990). 
It is likely that some visits were falsely identified as containing errors and that some 
visits with errors were not identified. Unreasonable values were found for DFI from error-
free visits, which indicates that not all errors were found, although the number of 
unreasonable values for DFI was reduced considerably relative to DFI calculated from all 
visits (Chapter 3). Only using criteria based on DFI records to identify errors resulted in 
different conclusions about the number of errors in the three experiments and probably does 
not give an accurate indication of the number of errors. As a result, criteria should be used to 
identify errors at the level of both visits and DFI records. 
The number of errors affects the accuracy of estimating ADFI (Eissen et al., 1999), 
which means that errors must be edited out and corrected. One editing method identified 
visits with errors and discarded DFI records that contained any visits with errors (Eissen et 
al., 1999). Daily feed intake was regressed on test day for each pig and was used to assign the 
missing DFI records. With this method, a substantial amount of the discarded visits (72 to 
82%) contain no errors (Chapter 3). Eissen et al. (1998) suggested that a model that utilizes 
all valid information could be used to adjust DFI records for errors. This method was 
developed in Chapter 3. Another method is used by the software provided with the FIRE 
feeders. In this method only visits with errors are discarded, but the method does not correct 
for these errors. It is assumed that no feed is consumed during these visits. Brisbane (2002) 
used criteria to identify errors in DFI records and used the regression method reported by 
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Eissen et al. (1999) to assign missing DFI records. The ability of these methods to accurately 
estimate DFI and ADFI was not clear so a comparison among them was done in Chapter 4. 
In Chapter 3, a model was developed that adjusted error-free DFI for the combined 
effect of errors on error-free DFI. Reasonable values for adjusted DFI were found and they 
were similarly distributed to DFI that contained no visits with errors. When the editing 
methods were compared, the adjustment model resulted in the most accurate estimates of 
ADFI (correlation > 0.99) and DFI (correlation > 0.96), although the difference between this 
method and the method used by Eissen et al. (1999) was small for ADFI in both short and 
long test periods (correlation > 0.98) and for DFI in the long test period (correlation = 0.95) 
(Chapter 4). The adjustment model was robust in short testing periods and in data sets that 
contained more errors. The accuracy of the adjustment model in the high error group and in 
the short testing period was 0.97 and 0.89 for ADFI and DFI, respectively, whereas these 
accuracies were 0.90 and 0.80 for the method used by Eissen et al. (1999). The strength of 
the model is that it uses all valid information to estimate DFI. This is especially useful when 
strategies of collecting feed intake data are used to maximize the number of pigs tested per 
feeder because of the amount of missing information that exists (Chapter 6). Another strength 
of the model is that it makes no assumptions about feed consumption in error visits, unlike 
the method used by the FIRE software that assumes no feed is consumed in error visits. 
Results showed that on average, feed is consumed during error visits. 
Estimates of the effects of errors on DFI (adjustment model) were derived from data 
from three experiments and were used to adjust DFI for errors in each of the experiments 
(Chapter 3). Model estimates were robust when used in other data sets, except when the 
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number of errors was large. This indicates that estimates could be derived periodically and 
applied to subsequent data sets. 
The adjustment model that was used to correct for errors does not handle all situations 
and additional steps are needed to improve the accuracy (Chapter 3). After adjustment, 
criteria should be used to identify errors in DFI and discard those records. It is recommended 
to assign the missing DFI records with estimates from the regression of daily feed intake on 
test day for each pig, as was reported by Brisbane (2002) and Eissen et al. (1999). The model 
and the additional editing steps were applied to data from 11 feeders and the amount 
consumed over the whole test period before and after editing was compared to the amount of 
feed put into each feeder. Editing improved the accuracy when cumulative feed 
disappearance based on non-edited data was more that 5% different from the amount of feed 
put into the feeder. 
The number of errors in data from electronic feeders is important to data accuracy. 
The fit of the model that was used to correct daily feed intake records for errors depended on 
the amount of errors (Chapter 3). It was also shown that the accuracy of estimating feed 
intake was decreased as the amount of errors increased (Chapter 4). Decreasing the amount 
of errors is even more important when strategies of collecting feed intake data are used to 
maximize the number of pigs tested per feeder, because of the amount of missing information 
that exists (Chapter 6). 
Based on results reported in Chapter 2, management of the feeders has a large impact 
on the amount of errors in data from electronic feeders. Other factors such as sex of the pig 
(barrows caused more errors than gilts), weight of the pig (probability of an error occurring 
increased as the test period progressed, which reflected the ability of pigs to cause errors as 
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they get bigger), individual pig-to-pig variation, weather, and feeder-to-feeder variation can 
affect the number of errors. Because management is so vital to data quality, operators must 
be properly trained to operate the feeders. Feed intake data must be monitored carefully on a 
daily basis so that malfunctions can be quickly identified and fixed. The criteria that were 
developed to identify errors in visits can be used as a tool to aid in identification of 
malfunctions. These efforts will take a considerable investment of labor and capital, but will 
directly affect the quality of the data. 
Results show that errors can be effectively identified, edited, and corrected to yield 
accurate estimates of ADFI and DFI from electronic feeder data. With the use of computers, 
the editing method developed in this research can be used quickly and efficiently, which is a 
benefit given the large amounts of data that come from electronic feeders. 
Effect of electronic feeders on performance 
Design differences between electronic feeders and conventional feeders may 
influence performance differences. Electronic feeders are used in genetic nucleus herds and 
are single-space feeders that provide protection from competition, whereas feeders used in 
commercial herds are multi-space feeders that provide no protection from competition. There 
are also design differences that could lead to differences in feed wastage. The combined 
differences could lead to a genotype x feeder type interaction that could reduce the amount of 
genetic progress in genetic nucleus herds that is realized at the commercial level. No 
performance differences were found when pigs were fed using an electronic versus a 
conventional feeder (Hyun et al., 1998). Their study used a two-space feeder but most 
feeders used in commercial farms have four or more spaces. Further evaluation is needed to 
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determine if performance differences exist that could cause a genotype x feeder type 
interaction. 
Performance of boars and gilts fed using electronic versus conventional feeders was 
compared (Chapter 5). Gilts on the electronic feeder ate less, grew slower, and deposited less 
backfat and loin muscle area throughout most of the test period than gilts on the conventional 
feeder. No differences were found between boars on the two feeder types. The effect of 
feeder type on phenotypic variance of performance was also evaluated because Hansen et al. 
(1982) showed that increased competition favors dominant pigs and increases the variance of 
performance traits. No differences were found between the variances in the present study. 
More research is needed to determine why electronic feeders affected performance of gilts 
but did not affect performance of boars. 
A genetic analysis was done to determine if a genotype x feeder type interaction 
existed (Chapter 5). None was detected, but the size of the data set was limiting for this type 
of analysis. More research is needed to determine if the performance differences in gilts 
cause a genotype x feeder type interaction. 
Performance differences were evaluated with two types of analysis: analysis of traits 
measured over the whole test period and analysis of traits measured serially throughout the 
test period using random regression (Chapter 5). Different levels of understanding about the 
effect of electronic feeders on performance were obtained. Analysis of the traits measured 
over the whole test period revealed that pigs on electronic feeders ate less, but growth, 
backfat thickness, and loin muscle area were not statistically different. It was concluded that 
gilts on the electronic feeder grew slower, but this evidence was only suggestive. Analysis of 
serially measured traits clearly indicated that performance of gilts was negatively affected by 
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the electronic feeder, but boars were not affected. Most differences averaged over the whole 
test period were not found to be statistically significant because no differences were found 
between boars on the feeder types and differences between gilts changed throughout the test 
period and even intersected for most traits. These results indicate that measuring traits 
serially could reveal differences that may not be detected when analyzed over an entire test 
period. 
Concern about the genotype x feeder type interaction that may exist between pigs fed 
using electronic and conventional feeders was addressed and no evidence was found. No 
performance differences were found between boars on the two feeder types. Performance of 
gilts was hindered on the electronic feeders but it was not clear whether that led to a 
genotype x feeder type interaction. More research is needed. As a result, caution should be 
used when deciding whether gilts should be tested on electronic feeders. 
Maximizing the use of electronic feeders 
Another disadvantage of using electronic swine feeders is the cost, which usually 
limits the number of feeders that are purchased. Several strategies that increase the number of 
pigs tested per electronic feeder have been utilized (Grignola et al., 2002; Roehe et al., 1994; 
Schulze et al., 2001; Von Felde et al., 1996). These studies alternated the use of an electronic 
feeder between two pens of pigs throughout a test period. These strategies increase the 
number of pigs tested per feeder, but half of the feed intake data is missing for each pig. It 
was not clear what impact this missing information would have on data accuracy. Other 
factors that could impact data accuracy include acclimating to the electronic feeders each 
time pigs switch back to electronic feeders (Schulze et al., 2001), additional missing 
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information caused by errors if the editing method of Eissen et al. (1999) is used, and an 
increase in the SD of DPI when pens are alternated between electronic and conventional 
feeders (F. Grignola, Monsanto Company, unpublished data). The impact of these factors and 
strategies of collecting feed intake data on data accuracy were evaluated in Chapter 6. 
The impact of different strategies of collecting feed intake that involved alternating 
the use of electronic feeders between pens of pigs in a 12-week testing period on data 
accuracy was evaluated by comparing true DPI and ADFI (from a complete data set) with 
estimated DPI and ADFI after simulating the strategies and assigning the missing 
information by modeling the trajectory of feed intake over time (Chapter 6). Ordinary 
polynomials (1st and 2nd order polynomials) and random regression were used to model DPI 
from each test day for each pig. Accuracy deteriorated as the number of pens per feeder 
increased and as the number of periods with records decreased. In an ideal situation, as many 
as four pens could be tested per feeder and still result in an accurate estimate of ADFI 
(correlation = 0.94, the percent of observations where the error was greater than 10% of true 
ADFI was 12.8%, bias = 5 g). 
The effect of acclimation and additional missing information had a negative impact 
on data accuracy, but increasing the SD of daily feed intake had little impact (Chapter 6). The 
effect of additional missing information affected all strategies equally. Strategies that had 
more periods with records were more negatively affected by acclimation because the 
electronic feeder was alternated between pens of pigs more frequently. A balance between 
acclimation and the number of periods with records is needed to maximize accuracy. As a 
result it is important to know how long this acclimation period is to determine which strategy 
to use. Schulze et al. (2001) showed that it takes two days for pigs to acclimate every time 
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they start back on the electronic feeder. Grignola et al. (2002) assumed three days of 
acclimation and further analysis of that data showed that it could take up to five days (A.C. 
Clutter, Monsanto Company, unpublished data). More research is needed to determine the 
length of acclimation. 
Use of the random regression model to assign missing DFI records from the different 
strategies resulted in equal or more accurate estimates of DFI and ADFI than use of the linear 
or quadratic models applied to individual pigs (Chapter 6). Differences between the models 
increased as the number of pens tested per feeder increased and as the number of periods 
with records decreased. The strength of the random regression model is that it uses 
information from all pigs in a strategy to estimate feed intake in each pig, whereas the other 
models only use information from the pig under consideration. As a result, random 
regression is more robust than the other models when there is more missing information. 
Results indicated that even in the worst situation, accurate results could be obtained if 
three pens per feeder were tested, but the practicality of testing this many pens must be 
considered (Chapter 6). It would be relatively easy to use a feeder to test two adjacent pens 
without having to move the pigs to a different pen, which could affect performance. 
Redesigning the pen layout so that three pens could be tested per feeder without moving the 
pigs would not be practical. Testing two pens per feeder is recommended. 
Testing two pens per feeder doubles the number of pigs that are tested and an 
accurate estimate of feed intake would be obtained (correlation between true and estimated 
ADFI = 0.98 in an ideal situation and 0.94 in the worst situation). This would also reduce the 
cost of measuring feed intake on each pig from $31 to $15.50. These results improve the 
economic feasibility of using electronic feeders. 
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Overall conclusions 
The research reported in this dissertation addressed many of the disadvantages of 
using electronic swine feeders so that breeding companies and researchers could be better 
informed when answering the question, "Should electronic feeders be used?" A substantial 
number of errors have been found in data from electronic feeders, but this research showed 
that errors can be identified, edited, and corrected and still result in an accurate estimate of 
ADFI. Electronic feeders create a different environment for pigs than feeders used in 
commercial herds, but performance of boars was not different between the feeder types. 
Performance of gilts on the electronic feeders was hindered and caution should be used when 
deciding whether they should be tested on electronic feeders. No evidence of a genotype x 
feeder type interaction was detected. Strategies that alternate the use of electronic feeders 
between pens of pigs in a test period with a fixed length can also be used to maximize the use 
of electronic feeders with a minimal impact on data accuracy. These results indicate that 
testing twice as many boars and using the appropriate editing method will improve the 
accuracy of feed intake information, which will in turn increase the rate of genetic progress 
or the quality of research. 
An important question still remains that must be answered to determine whether 
electronic feeders should be used: do the economic gains from improving genetic progress 
offset the costs of the equipment, labor, computer resources, and supplies needed to operate 
electronic feeders properly? This answer depends on the breeding objective, which is 
different for each breeding company. The research presented in this dissertation at least 
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allows breeding companies and researchers to get closer to answering the question, "Should 
electronic feeders be used?" 
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